OEJIEPAJIBHOE I'OCYJAPCTBEHHOE YUYPEX/EHUE
«DefepaabHbIA HCCIEI0BATEIbCKUAN HEHTP
«DyHIaMEeHTAJIbHbIE OCHOBbI 0MOTEXHOJIOT UM
Poccuiickoii akageMun HAYK»

IIPUKA3

«19» suBaps 2026 rona Ne 19.01-02/A
r. MockBa

00 yTBep:kaeHUH MPOrpaMM BCTYNHUTEIbHBIX HCIIBITAHUM JJIA IPUEMA HA 00y4YeHue Mo
NMPOrpaMMam MOJAr0TOBKHU HAYYHbIX M HAYYHO-NIeJarorn4ecKuX KajpoB B aCHUPAHTYpe B
2026/2027 yueoHOM roay

B cootBercTBUE ¢ DenepanbHbIM 3aKOHOM OT 29.12.2012 Ne 273-03 «O6 0o6pazoBaHuH B
Poccuiickoit denepanun» u pykoBoictBysick Ilocrtanosinenuem IlpaBurenscrBa Poccuiickoit
@eneparun ot 30.11.2021 Ne 2122 «O6 yrBepxaenuu IlonaoxeHns o MOATOTOBKE HAYYHBIX U
Hay4YHO-IIEJarOTH4YeCKUX KaJpoB B acluUpaHType (aIbIOHKType)», Ipuka3oM MuHHCTEpCTBa
HayKd W BeIcmiero ooOpazoBaHusi Poccuiickori @enepanuu ot 18.04.2025 Ne 366 «OO0
yrBepkaeHun [lopsaka mpuema Ha oOydeHHe IO 0Opa3oBaTENbHBIM IPOrpaMMaM BBICHIETO
o0pa3oBaHUsl — NporpaMMaM IIOAIOTOBKM HAy4YHbIX M Hay4YHO-NEJaroruyeckux KaJpoB B
aclMpaHType» MPUKA3bIBAIO:

1. VrtBepaute mporpamMmy coOecemoBaHUS C HAayYHBIM DPYKOBOIUTENEM (Ui BCeX
HAy4YHBIX CIELUAIbHOCTEN) U NMPOrpaMMbl BCTYIUTENIBHBIX HCHBITAHUN MO KaKIOW HaydHOMH
CHEUHATBHOCTH JUIS YYacTUsl B KOHKYpCE MO MpHeMy Ha 00ydeHHe Mo MporpaMMaM MOArOTOBKH
HAy4yHBIX M HAay4YHO-TIEaroru4yeckux kaapos B acnupantype B ®UIL] buorexnonorun PAH B
2026/2027 yueobnom roay (ITpunoskenust NeNe 1-6).

2. Paboraukam ®UIl buorexnonmormn PAH pykoBoactBoBaThes mpukazom DOUIL]
buorexnomorun PAH ot 19.01.2026 Ne 19.01-01/A «O6 ytBepknenun IlpaBunm mpuema Ha
oOydyeHue 10 0Opa3oBaTeNbHBIM MPOrpaMMaM BBICIIETO O0pa3oBaHUS - Iporpammam
MOATOTOBKA HAYYHBIX M HAy4HO-TIEAArormuyeckux KajapoB B acnupantype B DenepanbHoe
rOCyIapCTBEHHOE yupexJaeHue «PeaepanbHblid UCCIEN0BATENbCKUN HEHTP «DyHIaMEHTaIbHbIE
OCHOBBI OmoTexHonorunm» Poccuiickoit akagemun Hayk» Ha 2026/2027 yueOHbIE TOIY,
HACTOSAIIUM TPUKA30M IPHU OpraHW3aiuu paboThl MO MpHeMy Ha OO0ydeHHEe MO MporpaMMmam
MOATOTOBKH HAYYHBIX M HAayYHO-TIEAArOrMYECKUX KaJpOB B ACHHUPAHTYPE B YACTU MPOBEACHUS
BCTYIUTEIBHBIX UCTIbITAaHUH B 2026 T.

3. YcraHOBUTH, YTO MpPOrpamMma BCTYNHUTEIBLHOTO SK3aMeHa MO0 MWHOCTPAHHOMY S3BIKY
omnpenensiercs kadeapoit ”HOCTpaHHBIX S3BIKOB MHCTHTYTA si3biko3HaHUs PAH B cooTBeTCTBUU
C ACUCTBYIOLIUM JOTOBOPOM.

4. KOHTpOJIb UCIIOJIHEHUS HACTOALIETO IPUKAa3a BO3JIOKUTh HA 3aMECTUTENS JUPEKTOpa
1o Hay4HOH pabote, k.0.H. A.M. Kamnonckyto.

HupekTop,

.0.H. AH ® B
1.6 LOKYMEHT MOLMUCAH CAOpO

QNIEKTPOHHOWM MOANMUCHLIO

Wen.: Pary3OBa 10.B Ceptudukat: 6085AEF007517E95D6F1D213CC438C77
o o Bnageneu: ®egopos Anekceit Hukonaesuy
Ten.: 8 499 135 30 52 [evicTautene: ¢ 18.06.2025 ao 11.09.2026




[Tpunoxenue No 1

YTBEP/XKJEHA
npukazom OUILL buorexnonorun PAH
ot «19» suBaps 2026 r. Ne 19.01-02/A

ITPOI'PAMMA
IMPO®UJIBHOT'O COBECEJJOBAHUA 110 TEMATHUKE HAYYHOT'O
NCCIEJOBAHMUS C ITPEAITIOJTAI'AEMbBIM HAYYHBIM PYKOBOJIUTEJIEM
(IJIsI BCEX HAYYHBIX CHEIIMAJIBHOCTEHN B PAMKAX I'PYIIIBI HAYYHBIX
CIHEIIUAJIBHOCTEM 1.5 BUOJOT MYECKHUE HAYKH)!

ensto mpodunpHOrO cobecenoBaHms MO TEMATHKE HAYYHOTO HMCCIEIOBaHUA (manee —
co0eceoBaHne), MOCTYMAIOMIETO0 Ha OOy4YeHHWE II0 MporpaMmaM IOATOTOBKH HAyYHBIX U
Hay4HO-TIEJarOTMYECKUX KaJIPOB B aCIIUPAHTYPE C MPEANoJaraéMbiM HayuYHbIM PYKOBOIUTEIIEM,
SIBJISIETCSL 00INasi OIeHKa BO3MOXKHOCTEH IMOCTYMAIOMIEro 00y4aThbes MO BBIOPAHHON HAyYHOM
CIEUUATLHOCTH UM BBIMOIHATH JIUCCEPTALMOHHOE HCCIEJOBAaHUE MO TEMATUKE, KOTOPYIO BEJET
MpeaIoaaraéMblil HAYYHbIN pyKOBOIUTEb.

[IpennonaraeMplii Hay4dHbId PYKOBOJWUTENb MPOBOJUT OLIEHKY HWMEIOUIMXCA 3HAHMM
MOCTYTIAIOIIETO 00 aKTyaJlbHBIX HAay4YHBIX 3amadax nmo Ttematukam OUIL] buorexnomornu PAH,
mo Tematuke (-aMm) Hay4HoOro cTpykrypHoro moxapaszaenenuss ®UILl buorexnomoruun PAH, B
KOTOPOM MOCTYMAIOMINKI TJIAHUPYET BBINMOIHATh HAy4YHbBIE HMCCIIEIOBAHUS TOJ PYKOBOJCTBOM
MPEANoIaraeMoro HayyHoro pyKoBOUTENS.

IIpeanonaracmelii Hay4yHBIM PYKOBOAMTENb OIPEACIACT HaIU4Me Yy IOCTYIIAIOLIETO
CIIOCOOHOCTEH, yMEHWiA, 3HAHWI, HABBIKOB JUIS BBHIMOJHEHHS HAyYHO-HCCIIEI0BATEIbCKON
paboThl MO TeMaTUKe (-aM) HAy4HOTro CTpyKTypHOro mojpazaencHus OUIL[ buorexnomorum
PAH, B x0TOpOil MOCTyHalOMNM MIIAHUPYET BHINOIHATh HAYYHBIE UCCIEAOBAHUS U, B KOTOPOM
MpeAnojaraeMblii Hay4HbIH PYKOBOJMTEINb SIBIsIETCS paOoTHUKOM. [IpenmosiaraeMbrii Hay4IHBINA
PYKOBOJIUTENb OIEHUBACT HaJIMYME Yy [OCTYHAIOUIEr0 IEPCOHAJIbHBIX CIIOCOOHOCTEH K
B3aUMOJICVCTBUIO C KOJUIETAMU B HAYYHOM KOJIJIEKTHBE.

[Ipu OTCYTCTBMU MPENIONaraéMoro Hay4yHOTO PYKOBOJUTENS Ha MOMEHT MPOBEACHUS
BBIIIICYKA3aHHOTO BcTynuTenbHOro ucnbitanus, OUL] buorexnonrorun PAH oGecneunBaer
BO3MOXXHOCTh MPOBEACHUS COOECETOBaHUs C PyKOBOIUTENEM 00pa30oBaTeIbHON MPOrpaMMBbl 110
COOTBETCTBYIOIIEH HAay4YHOW CHEIHUAIbHOCTH B MPUCYTCTBUU 3aMECTUTENSl IUPEKTOpa IO
Hay4YHOU padore.

B cnydae orcyTcTBHs pyKOBOAMTENSI 00pa30BaTEIbHOW MPOTPaMMBbl COOTBETCTBYIOIICH
HAay4YHOU CIEIMAIILHOCTH 10 YBOKUTEIHbHON NpHYMHE (KOMaHIUPOBKa, Ooyie3Hb U T.m.) OUIIL
buorexnonorun PAH octaBisieT 3a co0ol mpaBo Ha3HAYUTH JIUIIO €r0 3aMEHSIOIIEE U3 YHCiIa
HAYYHBIX COTPYAHHKOB L[eHTpa, OCyIIeCTBISIONINX HAy4yHYHO (HAyYHO-HCCIIEOBATEIHCKYIO)

1 .

Haumenosanus nayunvix cneyuanbHocmeti, peanuzyemsix npu n0020mMosKe HAYYHbIX U HAYYHO-Nedazo2udeckux kaopos & acnupanmype ®UL]
buomexnonoeuu PAH 6 coomeemcmeuu ¢ gpedepanvrvimu cocyoapcmeenuvimu mpebosanuamu: 1.5.3 Monexynapuas 6uonocus, 1.5.4 Buoxumus,
1.5.6 buomexnonoeus, 1.5.8 Mamemamuuecxas 6uonoeus, buoungpopmamuxa, 1.5.11 Muxpobuonozus.



NEeSATeNIbHOCTh 10  COOTBETCTBYIOIIEMY  HAalpaBiICHHMIO  KCCIEAOBaHMW B paMKax
COOTBETCTBYIOIIEH HAYYHOU CMIEIUATIbHOCTH.

CTpyKTypa BCTYNHUTEJIBHOI0 HCTIBITAHUS

BerynurensHoe ncnbITaHHE MPOBOIUTCS OMPOCHBIM METOJOM. B memsax cobecenoBanus
NOCTYMAIOUIMNA TPEeIOCTaBIIeT CHUCOK OMYOJMKOBAaHHBIX HAy4YHBIX paboT (MpH HAJIUYUK),
KOTOpbIE TNPUHUMAIOTCA K PAcCMOTPEHHMIO B LEISIX Hambonee OOBEKTUBHOTO IPOBEICHHS
cobecemoBanus. I[lo pe3ynbraram mnpoBefeHUsT coOeceqoBaHUs MPEAToaracMblii HayYHBINA
pyKoBoauTENb O(OPMIIIET COOTBETCTBYIOIIEE 3aKIIOUYEHHE, B KOTOPOM, KpOME IPOYero,
BBIpaXKaeT corjacue / HEeCOIJIacue OCYIIECTBISATh HAy4YHOE PYKOBOJCTBO IOCTYIMAIOIIUM, C
KOTOPBIM OpPraHWU30BaHO coOecenoBaHue, B ciaydae ero 3aumcieHus B OUIL[ buorexnonmorun
PAH. Tlo pesynbraTam mpoBefeHUs coOeceoBaHUs Tarkke OQOpMIIseTcs SK3aMeHaIMOHHAs
BEJIOMOCTb, B KOTOPOW OTpa)kaeTcsi OLIEHKA C yKa3aHHEM HAaOpaHHOTO KOJMYECTBa OaJlIoB 3a
BCTYNUTEIbHOE UCIIBITAHUE.

OueHka ypoBHSI 3HAHUH

HToroBas olieHKa BBICTABISIETCS MO pe3ysibTaTaM cOoOece0BaHUs Ha OCHOBE OLIEHKHU 3a

Ka)XJIbIid BOIPOC:

Koa-Bo

Kpurepun onennBanus
0aJ1J10B

Nmeromuecs 3HaHUS 00 aKTyalbHBIX HAYYHBIX 3a/1a4dax mo Tematukam OUIL
buorexnonoruu PAH, mno Ttemaruke (-aM) HAy4YHOTO CTPYKTYpPHOTO
nozapaszaenenus OUILl Buorexnonorun PAH, B KOTOpPOM MOCTyHarOIIUii 0-40
IJIAHUPYET BBINOJHATh HAyYHbIE MCCIEAOBAaHUA IO PYKOBOJCTBOM
MIPEJIN0JIaraeMoro Hay4YHOr0 PyKOBOIUTES

Hanuuue y mocrymaromero ymMeHuid, 3HaHHWM, HAaBBIKOB ISl BBITTOJTHEHUS
HAY4YHO-HMCCJIE0BATENbCKOH  paboThl 1O TeMaTuke (-aM) HaydyHOTO
ctpykrypHoro mnoxapazaenenus DOUIL[ buorexnonorun PAH, B xoTopom 0 - 40
MOCTYMAIOUIMI  TUIAHUPYET BBIIOJHATH HAy4HbIE HCCIAEAOBaHUS, U
CIOCOOHOCTE CBOEBPEMEHHOTO O(GOpPMIICHHSI AUCCEPTALUU HA COMCKAHUE
YUYEHOM CTENEHU KaHAuaTa HayK

Hanuume y  mocrynaromero  HMEpPCOHANBHBIX  CIIOCOOHOCTEH K 0-20
B3aUMOJICHCTBUIO C KOJUIETAMU B HAYYHOM KOJUJIEKTUBE

MaxkcumansHoe KoinmdecTBo 0ayuios — 100.
MuHUMaIbHOE KOJIMYECTBO OAJIIIOB JUTS IOMYCKA K MOCIISAYIOIIEMY BCTYITUTEIIBHOMY
sKk3aMeny — 51.



[Tpunoxenue Ne 2

YTBEP/XKJEHA
npukazom OUILL buorexnonorun PAH
ot «19» suBaps 2026 r. Ne 19.01-02/A

ITPOI'PAMMA
BCTYINUTEJBHOTI'O UCIIBITAHUSA IO CHIEIIUAJIBHOMN JUCHUILINHE
JJIA HOCTYHAIOIIUX HA OBYYEHHUE 110 ITPOI'PAMMAM IIOAI'OTOBKHA
HAYYHBIX 1 HAYYHO-IIEJAT'OT'HYECKHUX KA/IPOB B ACIIMPAHTYPE

HAYYHAS CIHIEIIUAJIBHOCTD 1.5.3 MOJIEKYJISAPHAS BUOJIOI'UA

Omnpenenenue mnpeaMeTra «MOJIEKyJsipHass Owuosorus». OCHOBHBIE OTambl Pa3BUTHAL
Haubonee mpuHIMMUANbHBIE OTKPHITHS. J[OKa3aTenbCTBAa TEHETUYECKOW POJIM HYKIECHHOBBIX
KHUCJIOT. XPOHOJIOTHUSI OTKPBITHM, MOATOTOBUBLIMX co31aHue YoTrcoHoM u Kpukom Mmopenu
nBoruou cnupanu JJTHK.

Hyxkneo3un, nHykneotua, noJunykineoTu. [Ipunuuns ctpoenus npoitHou cnupanu JJHK.
[Tapamerpsr B-, A- u Z-bopm JHK. Bumei PHK. Ux pomp B kinerke. Knaccuduxarus
aMUHOKHCIIOT. YeThIpe YpOBHA CTPYKTYpPHOM oOpraHusanuu OenkoB. [700ymspHble H
bubpmsapubie 6enku. OCHOBHBIE OMOJIOTHYECKHE (PYHKIIUUA OEITKOB.

@Oynkuun  JAHK. Mudopmanmonnas emkocts. ['enernueckuit koa. Ero ocHoBHBIE
cBoiictBa. [Ipunnunel Tpanckpunimu. [lonsartue 06 omepone. CyObenunuunbiii coctaB PHK-
nonumepassl E.coli. E€ ocnoBHble ¢yHKIMH. OCOOEHHOCTH CTPYKTYpPhl MPOMOTOPOB. DTambl
TPAHCKPHUIIIIUK y TPOKApUOT. Perynsius TpaHckpumiuu y Oaktepuil. HeraTuBHas WHIYKIIHSL.
[TosutuBHass wuHaykuus. HeratuBHas penpeccusa. llo3utuBHas penpeccus. ATTeHyalus B
peryisuuu dKcnpeccun TpunrtodanoBoro omepoHa E.coli. OcoOEHHOCTH TPaHCKPUIIIHH Y
sykapuoT. MHoxecTBeHHOCTh M crnenupuynocts PHK-nonmuvepas sykapuot. CiS-aimeMeHTsl
trans-gakTopsl Tpanckpunuuu. OOpa3oBaHNE WHUIMATOPHBIX KOMIUIEKCOB ¢ ydactueM PHK-
nosmmepasel II. Tlonsitue o0 sHxaHcepax u caiieHcepax. [Ipomeccunr m-PHK sykapuor:
KEMUPOBAHKE, MOJHAJICHWIMPOBAHUE, CIUIAMCHHI, pelakTUpoBaHHe. Pa3innuHble MexaHU3MbI
crutaiicunra. Trans-crutaiicMHTr. AJIBTEpHATUBHBIN CILIAHCHHT.

Mansie PHK. Ux ¢ynkuuu. Ctpykrypa t-PHK. Pexornumus. AMuHoanenupoBaHue t-
PHK. Crpyktypa pubocom mpo- u sykapuoT. Llentpsl pudocom E.coli. Dramel TpaHcnsmuu y
npokapuoT. benkoBeie dakTopsl TpaHcHsauuu. Perymsius TpaHcasiuyu Ha npuMmepe ¢gara MS2.
Perynsmus o6pazoBanms r-PHK u 6enkoB pubdocom y E.coli. O6pazoBanue pubocom y s3yKapHuorT.
[Tousitue o sapeimke. [Ipunnunsr perukanuu JIHK. JlokazaTenbCTBO MOTyKOHCEPBATUBHOTO
xapakrepa perukanuu. epmenraruHas cuctema cuatesza JJHK in vitro.

AxtuBupoBanue JIHK. Ilonstme o wmarpune u 3atpaBke npu pennukauuu JIHK.
Crpoenne u ¢ynkuun JIHK-momumepasst 1 u3  E.coli. 3nauenme 3'-5' u 5'—>3
TUAPOJUTUYECKUX AaKTUBHOCTEM. (CXemMa HENpepblBHOM aHTUINAPAJUIEIBbHOM — peIuIMKaluu
KopubGepra. Cxema HempepbIBHOM mMapamienbHoi perumkanuu Kapaca. Cxema mpepbIBHCTOM
aHTHnapauieabHol perumkanuu Oka3zaku. CpaBHuTeNnbHasA Xapaktepuctuka JJHK-nomumepas, I,
IT u I u3 E.coli. IHK-momumepaza III, holo-dpepment. Cxema pasmuoxkenus ¢gara M13 u
nokazarenbcTBO Hanumuusi PHK-3aTpaBku npu perummkanuu JIHK. Ilpaiimaza u mpaitmocoma.



[IpobGnema nmenarypamuu MaTpuilel npu perumkanuu. SSB. Nenukassl. [IpuHImmsr pabotsl u
ouosornueckue GyHKIIMA TOMTOM30Mepa3s.

CoBpemennas cxema permukanuu JIHK E.coli (Mogens «TpombGoHnay). OcobeHHOCTH
peruukanuu JIHK sykapuot. Pennukanus muroxonapuansHoi JIHK 1o3BOHOUHBIX )KMBOTHBIX.
Tenomepsl, Tenomepaza u craperue. OcHOBHbIE penapabenbHble mnoBpexaeHus B JIHK u
OPUHIUIBI WX UcHpaBieHus. [eHoM »sykapuor. «M30BITOYHOCTE», HAJIWYHE TOBTOPOB,
HEKOJMPYIOMIUX I[OCIIE0BAaTEIbHOCTEH, KOMIAKTHOCTh, HeCcTaOMIbHOCTh. OCHOBBI MeTOJa
penarypammu JIHK. Caremmutnas JIHK. OcoGennoctu cocrtaBa. Jlokanmusamusi B Te€HOME.
Bosmosknast posb. [lanuaapomser. Ponb 0OpaiiieHHbIX TOBTOPOB B T€HOME. THIBI CTPYKTYPHO-
(GYHKIIMOHAIBHOW OpraHU3allii JYKapUOTHUYECKUX TEHOB. ['€Hbl «JOMalIHero XOo3sicTBa» U
TEHBI «POCKOLLINY.

OOmras xapakrepuctuka ructoHoB. Kommnaktuzamms JIHK sykapuor. HykneocomHsii,
CynepOHIHbIN, TIETIIEBOM YpOBHHM KoMmmakTu3anuu. Meradasznas xpomocoma. HectabumbHOCTB
reHomMa. MOOWJIBHBIE BJIEMEHTBHI NMPO- M 3yKapuoT; 3P¢eKThl UX BHeApPEHHs. PeTpoBUpYCHL.
OO6parHas  TpaHCKpumius. MOJEKyIsIpHbIE OCHOBBI ~ KaHIlEporeHe3a. MoJeKyJsIpHO-
OMOJIOTMYECKHE OCHOBBHI BO3HUKHOBEHHUS U3HM Ha 3emiie. OOpa3oBaHue OHOMOIMMEPOB.
O6pa3oBanre MeMOpPaHHBIX CTPYKTYP U TPOOHOHTOB.

OuneHka ypoBHS 3HAHM I
MaxkcumansHoe koaudecTBo 6amaos — 100.
MuHUMaIbHOE KOJUYECTBO OAJUIOB JUIS JOMYCKa K IMOCIEAYIOIIEMY BCTYHMUTEIEHOMY
’K3aMeHy — ol.
CootBercTBHE CTOOAILHON INKANbl MATHOATFHOW CHUCTEME TPUBEICHO B TaOJHIle

HIKE!
No bamnsl o
y CTO6ALIBHOI O1eHKH 110 IATHOAIUILHON CUCTEME
II/11

IIKaJIc

S5 / oTnMYHO — HaMM4Me TIyOOKHX MCUEPIIBIBAIOIIMX 3HAHUN BCETO
IIPOrPaMMHOTO MaTepuaja, IMOHUMAaHUuE CYIIHOCTH M B3aHMOCBS3H
1 86-100 paccMaTpUBaEMBbIX IIPOLECCOB u SIBJICHUM. Jlornuecku
IIOCJIEI0BATEIbHBIE, TIOJHBIC, TPABIIIBHBIE 1 KOHKPETHBIE OTBETHI HA
BCE OCHOBHBIC BONPOCHL. [IpaBUiIbHBIE M KOHKPETHBIE OTBETHI HA
JIOTIOJTHATENIBHBIE BOIIPOCHI.

4 / XO0pomo — HAJINYHUC TBCPABIX U NJOCTATOYHO IMOJIHBIX 3HAHUU B
2 69-85 00BeME mporpaMmaI BCTYIIHUTCIIbHBIX I/ICHI:ITaHI/II\/'I; YCTKOC
H3JI0KCHUC MAaTCpualia, AOIYCKAKOTCA OTACIIBHBIC JIOTUYCCKUC U
CTUJIMCTUYCCKHUC NOTPCIIHOCTHU IMTPU OTBCTEC

3 / yIOBIETBOPHUTEIBHO — HAIMYME TBEPBIX 3HAHUH MPOTrPaMMHOTO
Marepuana, IOHUMaHue CYIIHOCTU PacCMaTPUBAEMBIX IPOLECCOB U
3 51-68 aBineHuil. IlocnenoBarenpHble W IPAaBUIbHBIE, HO HEAOCTATOYHO
Pa3BEPHYTHIE OTBETHI HA OCHOBHBIE BOIIPOCHL. [IpaBUIIbHBIE OTBETHI €
HEOOJIBITMMH HETOYHOCTSIMU Ha JOTOJHUTEIbHBIE BOIPOCHI




2 / HeyJOBIETBOPUTEIBHO — OTBETHl HE CBS3aHbI C BOMPOCAMH,
HaJlu4yue TrpyObIX OIMOOK B OTBETE, HEIMOHUMAHUE CYIIHOCTH
4 0-50 M3JIaraéMoro BOIPOCa, HEYMEHUE MPUMEHSTh 3HAHUSI Ha MPAKTHKE,
HEYBEPEHHOCTh U HETOYHOCTh OTBETOB HA JIOMOJIHUTEIbHBIE U
HaBOISILIUE BOIIPOCHI

Pexomenayemas aureparypa

1. Ampbeprc b., bpeir M., Jlptouc JIxk., Padpd M., Pobeprc K., Yorcon [Ix.
MonexynspHast Ouonorust kinetku: B 3-x 1. 2-e u3z., nepepad. u gom. Ilep. ¢ anra. — M.: Mup,
1994. - 517 c.

2. AnnGeprc b., bpeit JI., Xonkun K. u ap. OCHOBBI MOJEKYISIPHON OMOIOTHH KIETKH.
I[Tep. ¢ anrn. — 2-e uza., uctp. — M.: Jlabopatopus 3Hanuii, 2018. — 768 c.

3. Kaccumepuc JI. u ap. Knetku mo JIprouny. Ilep. 2-ro anra. uzn. — M.: JIaGoparopus
3HaHuii, 2016. — 1056 c.

4. Kpebe Ix., longmreitn O., Kunnarpuk C. I'enst no JIstouny. Ilep. 10-ro anri. uzz.
— M.: JIaboparopus 3Hanuii, 2017. — 919 c.

5. JletouH b. I'ensl. [lep 9-ro anrn. uzn. — M.: BUHOM. Jlab6oparopus 3nanumid, 2011. —
896 c.

6. Puc 3., Crepubepr M. Breaenue B mosiekyisapHyto 6uosioruio: OT KJIETOK K aTOMaM;
nep. ¢ auri. — M.: Mup, 2002. — 142 c.



[Tpunoxenue Ne 3

YTBEP/XKJEHA
npukazom OUILL buorexnonorun PAH
ot «19» suBaps 2026 r. Ne 19.01-02/A

ITPOI'PAMMA
BCTYINUTEJBHOTI'O UCIIBITAHUSA IO CHIEIIUAJIBHOMN JUCHUILINHE
JJIA HOCTYHAIOIIUX HA OBYYEHHUE 110 ITPOI'PAMMAM IIOAI'OTOBKHA
HAYYHBIX 1 HAYYHO-IIEJAT'OT'HYECKHUX KA/IPOB B ACIIMPAHTYPE

HAYYHAS CIIEUAJIBHOCTD 1.5.4 BUOXUMUA

O0mmue Bonpocsl
[Ipenmer u 3agauum OMOXMMHH, €€ MECTO B CHCTEME HayK, CBA3aHHBIX C (DU3HUKO-
XUMHUUYecKor Omosorueil. buoxumus kak ogHa u3 QyHAaMEHTaIbHBIX OCHOB OMOTEXHOJOTHH.
Ponb cTpykTypHOUW OpraHu3ainuu KJIETKH B ABJICHUAX *KU3HU. CTPYKTypa MPOKAPUOTUYECKOU U
JYKapUOTHYECKON KJIeTKH. MeTtabonusm (kaTaboiauveckue M aHaOOJWYECKHE MPOIIECCHl) Kak
ocHoBa xu3HU. [Ipoueccel nepenoca nu 00padoTku nHGopMalu B 6uonoruu kietku. [Ipodaema
BO3HUKHOBEHUS JKU3HU H MTPEIOHOIOTUIECKOM 3BOIOLINN.

DU3UKO-XUMHYECKHE OCHOBbI OMOXHUMMHU
OOm1as xapaKTepHUCTHKA BEIIECTB, BXOJAIIMX B COCTAB OPTaHU3MOB, UX POJIb M 3HAYCHUE.
Porms BOIBl M MHHEPATBbHBIX 3JIEMEHTOB, OCIKOB, JHMIKIOB, YIJICBOJOB, BUTAMUHOB B OOMEHE
BemecTB. OCHOBHBIE TOHSTHS 3JEKTPOXUMUU BOJHBIX pacTBOPoB. OCHOBBI XUMHYECKON
KMHETUKH: KOHCTAHTBI CKOPOCTEH XMMHUYECKUX peakuuil U (HaKkTopbl, BIUSIONINE HA CKOPOCTH U
paBHOBecHs peakuuid. [ToHsiTHE 0 TOMOT€HHOM U IeTEpPOr€HHOM KaTalln3e.

HuskomousiekyJIsipHbIe COeIMHEHHs, BXOASAIIME B COCTAB OHOJIOTMYECKUX 00bEKTOB

[Tpupoausie aMMHOKUCIOTH. Knaccupukanuss aMuHOKUCIOT. DyHKIIMOHAIBHBIE TPYIIIBI

aMHHOKUCIOT. MoHu3amms aMUHOKHUCIOT. MeToabl pa3feleHus aMHHOKUCIOT U TENTHJIOB.
[IpupoaHbie onuronenTH bl [ TIOTATHOH U €ro 3HaYeHUE B 0OMEHE BEIECTB.
AMHUHOKHCIOTBI KaK COCTaBHbIE YacTH OenkoB. Du3MYecKkue W XMMHUYECKHE CBOICTBa
POTEUHOTEHHBIX aMUHOKUCIOT. HempoTenHorennsle KucnoThl. HezaMeHnMble aMUHOKHUCIIOTHI.
[TonmunenTuasl. YraeBonsl U ux kiaccudukanus. Ctepeoxumus U KoH(OpMalus YIJIeBOAOB.
PacnipocTpaneHHbIe TEKCO3bl W TMEHTO3Bl. [ JHUKO3WABI, aMUHO-, Gocdo- U cynbhocaxapubl.
Je3okcucaxapa. JlunoduneHeie coenuHeHuss W kiaccubukauus aunuaoB. HacklmeHHsble,
HEHACHIIICHHBIE M TIOJIMHEHACHIIIEHHBIE KUPHBIE KUCIOThL. HelTpanbHble KHUPBI U UX CBOWCTBA.
®ochomununel. ['nmukomunuasl U cynbponunuasl. CTEpUHBI, XOIECTEPUH, )KETUHBIE KUCIOTHI.
[MonsiprocTs Monekyisl pocharumoB. Yuactue ¢pochaTuaoB U IPyrux JUMHIOB B MOCTPOCHUH
Oouonornyecknx memOpaH. Bocka u crepounsl. M3onpenouapl. TeprneHOUAB U KapOTHHOUIBIL.
[IypuHOBBIE M TUPUMHIMHOBBIE OCHOBAHHUS, HYKJICO3WIbI W HYyKJIEoTUIbl. lLluxnnueckue
HYKJICOTH/IBI.

Buramunbl, kodepMeHTHI M Jpyrue OHOJOTMYECKH aKTHBHBbIE coequHeHus. Ponb
BUTAaMUHOB B NMUTAaHUU XUBOTHBIX M 4YejoBeka. BomopacTBopumbie BUTaMuHbl. Butamun Bi u
tuamuHnpodochar. Butamun B u QmaBuHoBRIe KOdepmeHThl Butamma PP (B3) u
HUKOTHHAMHJIHBIE KOo(pepMeHThl. Butamun Be ¥ GyHKUMH nmupuIoKcanaeBbIX KO(QEpMEHTOB B



ouokaranuse. [lanToTeHoBas kucnora. Jlunoesas kucinora. Butamun B12 u ero kopepMeHTHBIE
bynkunn. Buramun By (donmeBas kucnora) u kopepmenTHele pyHkimu ¢onaroB. Butamun C.
DepMeHTaTUBHOE OKUCIIEHHE aCKOPOMHOBOW KHCIOTHL. buodmaBoHouas!, pyTuH. HykineoTu sl
Kak KodepMmeHThl. JKupopacTBopuMble BUTaMHUHBL. Butamun A. KapoTHHOMIBI M MX 3HAYCHHE
Kak npoBuTaMuHOB A. Butamun /| u ero oopaszoBanue. Butamun E. Buramun K. Hadroxunonsr
U yOuxuHoH. IIpocTarimaHauHBl KakK MPOM3BOJHBIC MOJUHEHACHIIICHHBIX MXHPHBIX KHUCIOT.
buorennsie amuHbl. AnieTunxonauH. JKenezonopGupuHsl.

CTpyKkTypa ¥ cBOMCTBa OMONOJMMEPOB

Ponb GenkoB B siBIeHUAX >KU3HU. [IpUHIMIBI BBIIEICHUS, OYUCTKH, KOJIMYECTBEHHOTO
onpezeNieHus: U U3ydeHus: CTpyKTypbl OenkoB. [lenTuaHas cBsi3b, €€ CBOWCTBA M BIMSHHE Ha
KoH(popmanuio nonunentuoB. Ctpoenue 6enkoBoit rnodynbl. KoBaneHTHBIE 1 HEKOBAJICHTHBIC
cB3M B Oenkax. YpPOBHU CTPYKTYpHOH opranumszauuu OenkoB. IlepBuunasi, BTOpHUYHAS,
TpPEeTHYHAs! U YETBEPTUUHAS CTPYKTypa O6enkoB. COOTHOIICHHE MEX Iy IEPBUYHOMN CTPYKTYpOH U
CTPYKTypaMu Oojiee BBICOKOTO TOpsiAKa B OENKOBOW MoJieKyse. 3HAa4eHHE TPETUUYHOU
CTPYKTYpbI O€JIKOBON MOJIEKYJIbI JUIsl TPOSIBIICHUS! €€ OMOIOrHuecKkoi akTUBHOCTU. BennunHa u
dopma OenkoBbIXx MojeKynl. M3oanekTpuyeckas Touka OenkoB. dusmueckne U XUMHUYECKUE
cBoiicTBa OenkoB. KoHdopmarmonHas nuHaMuKa OSIKOBOM MOJIEKYJIbI. JleHaryparust OeIKoB U
noymnentuaoB. Pomauar u pedongunr. Ilamepons. I[lpuonsl. Knaccuduxanus OenkoB.
['moOynsipabie U GUOpWILIApHBIE OCNKU. AJNBOYMHHBI, TJIOOYJIWHBI, THCTOHBI, MPOTaAMHUHBI,
NPOJaMHHBI, TIIOTENUHBL. [IpocThie u cioxHbie Oenku. DocHONpPOTEHHBI, JTUMOMPOTECHUHBI,
TJIMKOTIPOTEUHBI, HYKIJICOTPOTCHHBI, XPOMOIMPOTEUHBI (TEMONPOTEHHBI), METAIJIONPOTECHUHBI.
['omosnoruuHbIe MOCIE0BATEILHOCTH aMMHOKHUCIIOT B Oenkax. CeMmeiicTBa U cymnepcemeiicTa
6enkoB. [IpoTeomuxa.

[Tomumopdusm ampupmIBbHBIX COSTUHEHU B BOAHBIX pacTBOpax (MHUIIEIUIBI, SIMYJIbCHH,
JaMeJUTbl, OWCIIOWHBIC CTPYKTYphI). Moaenu cTpoeHus Ouonorudeckux memOpaH. da3oBbie
nepexojsl B arperatax aMpuduiabHbIX coequHeHnid. [I[poHrIaeMoCcTh OMOTOTHYECKUX MEMOPaH.
[IpuHIUIIBI 3JIEKTPOXUMHUU OCMOTHYECKHUX SBJIICHUM.

HyknenHoBble KUCIOTBI M HUX pOJb B XKUBOM opranu3Me. llepBuuHas cTpykrypa
nonmHykieoTuaoB. Crpykrypa wmakpomonekyn JIHK wu ee ocobennoctu. IlpuHnumn
KOMIUIEMEHTAPHOCTH  A30TUCTBIX OCHOBaHMM. MuHOpHble oOCHOBaHUs. CTpyKTypHas
opranm3zanuss  Makpomosekynsl JIHK. Cynepcnmpanuzaums JAHK. Crpykrypa u
dbyukmonupoBanue xpomatuHa. JIHK ©Oakrepuii u BupycoB. JHK xmopomnactoB wu
mutoxouapuit. [Inasmunel. Pons JIHK kak HOCHTENS HacieaCTBEHHOW WH(OpMAIIMU B KIETKE.
Ctpykrypa pubonykiaenHoBbix kucioT. Tumbl PHK: snmepnas, pubocomHas, TpaHCIOpTHas,
matpuuHas PHK. Mukpo-PHK. Mansie wunTepdepupytommme PHK. PHK-renowmsr.
B3aumoneiictBue 0O€NKOB W HYKJIEHMHOBBIX KHCIOT. MeTonbl HU3Y4YeHHS CTPYKTYpBI
HyKJIenHOBBIX KucnoT. KionupoBanue /JIHK. bankyn naHHbIX reHOB. I'eHHas HMH)KeHepusl.
[TonsiTHe 0 reHOMUKE.

Onuro- u mnomucaxapuabl. Kpaxman W TJMKOreH, UEUII0N03a M TEMHIICIUTIONO3bI.
I'eTepononucaxapuipl, TIIMKO3aMUHOTIIMKAHBI. [ TMKONPOTENHBI U MPOTEOTIUKAHBI.

OO0MeH BelecTB ¥ JHEPTUHU B KUBBIX CHCTEMAaX
Comnpsbxenne OMOXUMHYECKUX peaknuid. Katabomnueckne U aHaOOJIMUECKHE MPOIIECCHI.
Metabonuyeckue 1enu, CeTu U UUKIbl. EMUHCTBO MPUHIMIIOB OMOXUMHUYECKOM OpraHu3aly BO
BCeX JKUBBbIX cuctemax. [lonsTtue o dpepmeHnTax kak o Oenkax, 00JagaroluX KaTaTUTUYECKUMU
(GyHKUMAMU. DHEprus akTUBALUN (EPMEHTATUBHBIX peakiuii. O0pa3oBaHHe MPOMEKYTOYHOTO



KoMIuiekca «pepmeHT-cyocTpar». [lonsarre 06 akTuBHOM 1ieHTpe dpepmeHTa. OCHOBBI KHHETHKH
dbepmenTaTuBHOrO Katammsa. OOpaTUMOCTh ACHCTBUA (DepMeHTOB. YpaBHeHHWe Muxasnuca-
Menrten. Koncranta Muxasnuca M mpueMsl ee pacuera. ENWHUIBI aKTUBHOCTU (PEPMEHTOB.
Kodakropsl B (pepMeHTaTUBHOM Karanuse. 3HAYCHHE METaJUIOB i JeHCTBUS (DepMEHTOB.
[Ipoctetnyeckue rpynmnsl U KOpepMeHTbl. BuTaMuHBI Kak NpeAIIECTBEHHUKHA KO(EPMEHTOB.
BnusHue ¢usnueckux M XMMHUYECKUX (DAaKTOPOB Ha AaKTHBHOCTH (epMeHTOB. JlelcTBue
TEMIEpaTypbl U KOHIEHTPAllMd BOJOPOAHBIX HOHOB. OOpatuMoe u HeoOpaTuMmoe,
KOHKYPEHTHOE M HEKOHKYpeHTHOe uHrubupoBanue ¢epmentoB. KoomepaTuBHOCTh B
dbepmeHTaTUBHOM Katanuse. JIokanuzamus ¢pepmMeHToB B KieTke. CrnenuduaHocTs GepMEHTOB.

Knaccudpukanmmss u  HoMmeHknatypa (epMeHTOB. OKCHAOPEAYKTa3bl, BaKHEHIINE
npezncraButenu. Tpancdepassl, BaKHeHIIne npeacTaBuTenad. ['Maposaspl, pacnpocTpaHeHue B
IpUpoJe, BaKHEHUIIMe mpeAcTaBuTend. JInasel, BaxkHeumme npencraBurenu. IM3omepassl,
BAKHEHUIINE IIPEACTaBUTENHN. JIuraspl, BaxKHEUILNE IPEACTaBUTENH.

Perynsauus akTUBHOCTH M cUHTe3a (pepMeHTOB. Astoctepudeckue (epMmeHTsl. Teopus
WHIYIMPOBaHHOTO cuHTe3a GepmeHToB JXKakoba 1 Mono. MuokecTBeHHBIE (hOpMBI (PEPMEHTOB,
uzopepmentsl. MynbTudepmentaole cuctembl. [TupyBaraernaporenaza. MiMmoOuan3oBaHHbIE
dbepmenTsl. cnons3oBanue GepMEeHTOB B OMOTEXHOJIOTHHA U MEeTUIIMHE. PUO0O3UMBL.

OcHoBHbIe TIOHATUSA OnodHepreTuku. AT® — yHUBEpCadbHBIM NMEPEHOCUUK DHEPTUU B
OMOJIOTHYECKUX CHCTeMaX. Makposprudeckue coeAuHeHUs (HYKIeo3ua au- U Tpudocdarsl,
nupodochar u  momudocdar, ryaHHuIUHPOCHATHI,  AMMITHOIPHUPHI). DHEPreTHUECKOE
COTIPSIKEHHUE.

TepMuHanbHOEe  OKHCIIeHHE. MexaHU3Mbl  aKTHBalMM  Kuciopoaa. Okcuaasbl.
KodepMeHTBI OKUCIMTETBHO-BOCCTAaHOBUTENBHBIX peakiii (HAJ/HAJIH, HAI®/HAJI®H,
OMH/®MH-H2, ®AJI/DPAJI-Hz). DnexrponTpanchepasHble peakiuu. YOUXUHOH, KeEJIe30-
CepHble O€nKM M IUTOXPOMBI KaK KOMIIOHEHTBI JbIXxaTelbHOM 1enu. Jlokammzanus
OKHUCJIUTEIBHBIX MPOLIECCOB B AYKAPUOTHUECKONW M MPOKAPUOTHUYECKOM KileTke. MUTOXOHIpUU
KaKk OWO’HEepreTHYeCKMe MamuHbl. Jlokamusamus 3yeKTpoH-TpaHcdepaz B OnomeMOpaHax.
CrpykTypa [IbIXaTeIbHOM LIEMU IEpeHoca 3JIEKTpOHA. AKTHUBHBIE (OPMBI KHCIOpOJa, HUX
oOpa3oBanue U  oOe3BpexuBaHue. LUKIMYecKWi  BEKTOPHBI  MEpPEHOC  MPOTOHA.
XUMHOOCMOTHYECKasi TEOPHUS CONpsDKeHUA OKHcieHus u ¢ochopunuposanusi, AuH u ero
3HaYeHHe.  JJIEKTPOXMMUYECKOE  COMpsDKEHHEe B~ MeMOpaHaXx M OKHUCIUTEIbHOE
dbochopunupoBanue, cuHTe3 AT®. OOMHOCT, NPUHIMIIOB TNPEOOPa3OBaHUS DHEPTHU B
MeMOpaHaxX MHUTOXOHAPUHN, XJIOPOIJIACTOB M XpoMaTohopoB. ATD-a3bl uX cTpoeHUE U QyHKIIHS.
JlpIxaTenbHble EeN MUKPOCOM U OKHCIUTENbHAsl JEeCTPYKIHS KCEHOOMOTUKOB. TpaHCHIOPTHbIE
AT®a3pl ¥ HOHHBIE KaHAIbl W WX pOJb B (UIMOJIOTHM KIETKH. 3JHaueHue AT s
MEXaHOXMMHUYECKHX Mpo1eccoB B Ononoruu. CokpaTUTENbHbIE OCIKH.

@®OTOCHHTE3 KaK OCHOBHOM MCTOYHUK OPraHUYECKHUX BEIIECTB Ha 3eme. XI0po(uiuIsl U
npyrue nurMeHTsl potocuHTe3a. CTpoeHue U cocTaB XJIopoIutacToB. DOToIU3 BOJbI U CBETOBBIE
peakuuu npu porocunresze.CTpykTypa (POTOCHHTETUUYECKOTO anmapaTa: peakilMOHHbIE LIEHTPHI U
anteHHbl. ['enepamus AT® u HAJI®-H B npoueccax doTocuHTe3a. TeMHOBBIE peakiuul Mpu
dotocuntese. [{ukn KansBuHa. XemMocuHTe3.

depMeHTaTHBHBIE MpeBpalleHus yrieBoaoB. Pochopusie 3¢upsl caxapoB. DepMeHTHI,
KaTaJu3upYIONMEe B3aUMOIIPEBPAIIEHUST caxapoB U oOpazoBanue QochopHbIX APUPOB.
®epMeHThI, THApONM3YyIonMe osurocaxapuasl. Hykneosummudocdarcaxapa u ux poib B
OMOCHHTE3e OJHMIOocaxapujoB M  IoJucaxapuioB. [ imkosunrpancdepassl.  AMuiashbl:
pacnpocTpaHeHHe B TPUPONE, XapaKTEPUCTHKA OTAEIbHBIX aMuja3, 3HaueHue JUIs



o6uotexHonoruu. depMeHTaTUBHOE pacLIEIICHUE LEJUII0NI03bl, 3HAUYCHHE A1 OMOTEXHOJIOTHH.
['mukonu3 u rmkoreHonan3. B3auMocBs3p IiMKonu3a, OpoKeHUs U AbIXaHUS. DHepreTuyeckas
3¢ (HEeKTUBHOCTh 3TUX MPOILECCOB. MeXaHW3M OKHCICHUS MHUPOBHHOTPATHOW KHCIOTHI. L{uki
JTUKApOOHOBBIX U TPUKAPOOHOBBIX KHCIOT. [IenTo30(hocdarHplii myTh. [ THOKCUIATHBINA ITUKI.
JIunnonmus. @depMEHTATUBHBIM TUAPOIU3 KUPOB. JIumasel, pacnpocTpaHEeHUE B IPUPOLAE U
xapakTepucTuka. JIunokcurenassl. OKUCIUTENBHBINA paciaj >KUPHBIX KUCIOT. bera-, anbda- u
OMEra-oOKHCICHHE XUPHBIX KUCIOT. KosH3uM A u ero posnp B mpoleccax OOMEHa >KUPHBIX
KHCIO0T. bruocunTe3 >kupHBIX KUCHOT. CHHTa3a JKUPHBIX KUCJIOT. BHOCHMHTE3 TPUITIMLIEPUAOB.
brocunTes xonecrepuHa. bHOCMHTE3 H30NPEHONUIOB, TEPIICHOUOB U KAPOTHHOUIOB.

AccumMuisnysl MOJIEKYJISIDHOIO a30Ta M HMUTpaToB. HuTporeHasa, HHTpaTrpeaykrasa H
HUTpUTpeayKkTa3za. CHUHTE3 aMUHOKHCIIOT Y PacTUTENbHBIX OPraHW3MOB U MHUKpOOOB. Peaxin
OpPSIMOTO  AMMHUPOBAHMUS KETOKUCIOT U IIEPEaMUHHUPOBAHUA B CHUHTE3€ aMUHOKHCIIOT.
AmunHotpancgepaszbl. OpHUTHHOBBIA HUKI. CTPyKTypa U MEXaHU3M JIEHCTBHS TpaHCAMUHA3 U
OTIENBHBIX (PEPMEHTOB LUKIA MOYEBHMHOOOpa3oBaHMs. BHOCHHTE3 IMypHHOBBIX HYKJICOTHIIOB.
brocuHTE3 NMPUMUIMHOBBIX HYKJIEOTHIOB.

[lentuaruaponaspl, oOmas  XapakTEepUCTHKA,  OTJENbHbIE  IMPEICTABUTENH U
pacnpocTpaHeHue B npupoge. lcmonb3oBaHMe — MPOTEONMTHYECKUX  (EPMEHTOB B
OMOTEXHOJIOTHH.

Hyxueaspl. O01iast XxapakTepUCTHKA U UCTIOJIb30BaHUE B OMOTEXHOJIOTUH.

XpaHeHHe U peajn3alus reHeTHYeCKoil HHGopManuu

Ponb HykIeMHOBBIX KHCTOT B OuocuHTe3e O6enkoB. Pemnmukanus JIHK: 6uocuntes JJHK,
JHK-nonmumepaspl.  Ilpomecc  tpanckpunumu:  Ouocunte3 PHK, PHK-nmomumepasbr.
Komupyronme n Hexomupyromue PHK B Ouocunrese O6enka. Madopmanmonnas PHK (MPHK)
Kak nmocpeaHuk B nepenave uadopmarmu ot JJTHK k pubocome. MackupoBannas ¢popma MPHK:
nHdopmocomsl. [Tocrrpanckpunmuonnsiii mpoueccuar MPHK. O6partnas Tpanckpumnius.

buocunte3 Oenka. AkTuBHpoBaHHE amMHHOKHCIOT. TpancmoptHeie PHK u ux pons B
nporecce OnocuHTeza Oenka. ['enernueckuit koa. Pubocomser: crpykrypa u gynkiuu. [Ipomece
TPAHCIALMU: WHUIMALUS TPAaHCIALWHU, SJOHTauus W TepMmuHanms. [lomucomsl. Perymsmms
cuHTe3a Oenka. [locTTpaHCIsIIMOHHBIE U3MEHEHHS B MOJIEKyJie Oenka, MPOLeCCHHT. TpaHchopT
0enKOB, MX BCTpaMBaHHE B MEMOpaHbI; NMPOHUIAEMOCTh OHOMEMOpaH A OUOIMOIUMEPOB.
Kionuposanne JIHK. IlomuMmepasHble LENHbIE pPEAKIUM HYKJIEHHOBBIX KHCIOT M HX
IPUMEHEHHE B OMOJOTUN U OMOTEXHOJIOTHH.

Peryasiuusi npoueccoB o0MeHa BellecTB

[TpuHIMOBL peryasuuu MeTaboJMYecKUX IpolieccoB. Perynsuus sKcrnpeccuu TI'eHOB.
[ToctTpancnsaunoHHass KoBajieHTHass Moaudukanus OenkoB. IlporenmHkuHazpl. Perymsmus
aKTUBHOCTH (PEepMEHTOB cyOCTpaTOM, MPOILYyKTOM M MeTabonutamu. KoBaneHTHas MOIUpUKAIHS
6enkoB-hepmeHTOB MOJNIEKYISIPHbIE OCHOBBI TOMEOCTAa3a KICTKH.

I'opmonsl.  Kiaccuduxanus ropmoHoB. Pementopel  ropmoHoB. ['opMOHBI ¢
TpaHCMEMOpAaHHBIM MEXaHU3MOM JieiicTBUs. MemOpaHHbIE pelenTopsl M BTOPUYHBIC
NOCPEIHUKU. ANeHWnaTuukiaza u  Qocdoaudcrepaza. Lluknnyeckne HYKICOTHIBI Kak
BTOpUYHBIA MecceHkep. G-Oenku. PernenTop3aBucruMblie MOHHBIE KaHaibl. [IpocTariaHauHBbI.
CTuMyISTOPBI pocTa pacCTeHU M MUKPOOPTaHW3MOB; TepOULIN/IbI; aHTUOUOTHKH; (PUTOHIUABI U
UX pEryjsTopHas poiyib. Perenius cBeTa >XMBBIMH CHUCTEMaMH. ATIONTO3, MOJEKYJSpHbIE
MEXaHHU3MBbI alloNTO3a.

OueHka ypoBHSI 3HAHUH

MaxkcumanpHOe KonruecTBo 6amtos — 100.



MuHUMaJIbHOE KOJUYECTBO OAJUIOB JUIS JONMYCKa K IMOCICIYIOIIEMY BCTYIUTCIBEHOMY
sKk3aMeny — 51.
CootBercTBHE CTOOATBHON INKANbl MATHOATFHOW CHUCTEME TPUBEICHO B TaOJHIle

HUKE!
No bamer mo
I /;1 CTOOATILHOI OneHky o NATHOAIILHON CUCTEME
HIKaJIe

S5 / oTnMYHO — Hanu4yue TTyOOKMX HCUEPIBIBAIOIIUX 3HAHUI BCETro
IIPOrPaMMHOI0 MaTepuaja, NMOHMMAaHWE CYIIHOCTH U B3aUMOCBS3HU
1 86-100 paccMaTpuBaeMBbIX IIPOLECCOB u SIBJICHUM. Jlornuecku
IIOCJIEI0BATENbHBIEC, TIOJHBIC, TPABUIIBHBIE U KOHKPETHBIE OTBETHI Ha
BCE OCHOBHBIE BOIIPOCHL. IIpaBUIBHBIE M KOHKPETHBIE OTBETHI Ha
JOTIOJTHUTEIIbHBIE BOIIPOCHI.

4 / XOpoIIO — HAJIWYME TBEPABIX U JOCTATOYHO IOJIHBIX 3HAHUU B
2 69-85 o0beMe MPOrpaMMBbl BCTYITUTENBHBIX UCIBITAHU; YETKOE M3JIOKCHUE
MaTepuaa, JOIyCKalTCA OTACIIbHbBIC JIOTHYECKUE U CTUIIMCTUYECKUE
MIOTPELIHOCTH IIPU OTBETE

3 / yAOBIETBOPUTENILHO — HAIMYUE TBEPIbIX 3HAHUN MPOrPaMMHOTO
MaTepuana, NOHUMaHUE CYHNIHOCTH PAacCMaTPUBAEMBIX MPOLECCOB U
3 51-68 sBineHuil. llocnegoBaTenbHble W TpaBUJIbHBIE, HO HEAOCTATOYHO
pa3BepHYThIE OTBETHl Ha OCHOBHBIE BONPOCHL. [IpaBUiIbHBIE OTBETHI C
HEOOIBIIUMH HETOYHOCTSIMHU HA JIOTIOJHUTEIBHBIE BOITPOCHI

2 / HEyIOBJIETBOPUTEIHLHO — OTBETHl HE CBSI3aHBI C BOIPOCAMH,
HalIu4yue TrpyObIXx OMMOOK B OTBETE, HENOHHWMAaHUE CYIIHOCTH
4 0-50 U3JIaraeéMoro BOIPOCa, HEYMEHHUE MPUMEHSATh 3HAHMS Ha IMPaKTHKE,
HEYBEpPEHHOCTb M HETOYHOCTh OTBETOB Ha JOIMOJIHUTENbHBIE U
HABOJAIIUE BOIIPOCHI
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ITPOI'PAMMA
BCTYINUTEJBHOTI'O UCIIBITAHUSA IO CHIEIIUAJIBHOMN JUCHUILINHE
JJIA HOCTYHAIOIIUX HA OBYYEHHUE 110 ITPOI'PAMMAM IIOAI'OTOBKHA
HAYYHBIX 1 HAYYHO-IIEJAT'OT'HYECKHUX KA/IPOB B ACIIMPAHTYPE

HAYYHAS CIHIEIMAJIBHOCTD 1.5.6 BUOTEXHOJIOI' US1

Hcropusi pa3BuTHA OHMOTEXHOJIOTHH M OCHOBHBIE €€ aCIeKThI

[TonmuauCIUIIIMHAPHOCT, ~ COBPEMEHHBIX ~ OMOTEXHONOTHH. buoTexHomorus  Kak
HAIpaBlIEHUE HAyYHO-TEXHUYECKOrO TMporpecca, OMUpAroIIeecs Ha MEKIUCIUTUTMHAPHBIC
3HaHUS — Omojoruyeckue (reHeThka, Ouoxumus, OModu3uka, MUKPOOUOIIOTHS, BUPYCOIOTHS,
bu3HoNOrHs KIETOK PACTCHH W JKUBOTHBIX M Jp.), XUMHUYECKHE (XUMHUYECKas TEXHOJOTHS,
busnueckass (Omodusnueckas) XUMHsS, OpPraHUYECKass XUMHUSA, OHOOpPraHWUYECKas XUMUS,
KOMIIBIOTEpHAsI 1 KOMOMHATOPHAs XUMUSA U Jp.), TEXHHUECKHE (IIPOLECCHl U anmnapaThl, CUCTEMbI
KOHTPOJISI U YIPaBJICHUs, aBTOMAaTU3UPOBAHHbBIE KOMILJIEKCHI, MOJICIMPOBAHUE U ONTUMHU3ALUS
npoueccoB U Ap.). IloHsTne OMOTEXHONOTMM KaK TEXHOJOTHYECKOro IpHeMa IOIyuYeHUs
MOIU(PHUIMPOBAHHBIX OMOOOBEKTOB C IENBI0 MPUAAHUS UM HOBBIX CBONCTB M/WJIA CIIOCOOHOCTH
MIPOU3BOIUTH HOBBIE BemecTBa. OCHOBHBIE 00JIACTH MPUMEHEHHSI COBPEMEHHOM OMOTEXHOIOTUN
U OCHOBHBIE €€ aCHeKThl (OMOIOTUYECKUE, XMMUYECKUE, TEXHOIOrnueckrue). Hayuynsie OCHOBBI
UH)XEHEPHOT0 0(OpMIICHHSI OMOTEXHOIOTHH.

Buosornyeckne acnekTbl 0MOTEXHOJIOTHHU

OO6mrast 6uoI0THs, MUKPOOUOJIOTHS ¥ (PU3HOJIOTHS KIETOK.

OnpeneneHue >KU3HU W CBOMCTBA >KMBOIO. YPOBHU OpraHu3alliyd >KHUBOWM MAaTEpHH.
Knerka xak ocHOBa HacieICTBEHHOCTH W BocmpousBeneHHs. CTpoeHHE fapa U €ro poyib B
HACJIICTBEHHOCTH.  XUMHUYECKHH COCTaB KIETKH (HYKJICWHOBBIE  KHUCIIOTBI, OCIKH,
MOJIMCaXapubl, JIUTIAIBI, HYKJICOIPOTEU I, TJIIMKOIPOTEU/IBI, JIUTIONPOTEU/IBI,
NEeNTHAOTTUKAHBI, orudochaTel, MUHEPATHLHBIE KOMIIOHEHTHI H BOJIQ).

Crpoenre u (QyHKIMHM KIETKH (pa3iuuus KIETOK NMPOKapuoT U dykapuor). CTpoeHue
KJICTOYHOU CTEHKH OakTepuil. JKM3HEHHBIN UK KJIETOK M TUITBI KJIETOYHOTO JeJCHUS (aMHUTO3,
MHUTO3, M€103). 3aKOHbI MEHIeNsI U UX UHTEPNpEeTalusi ¢ TOUYKA 3PEHHUS XPOMOCOMHON TEOpUU
HacyecTBeHHOCTU. HacneacTBeHHOCTh M H3MEHUUBOCTh. DOPMBI H3MEHYUBOCTH.

®opmbl 0TOOpa, TUIIBI BUAO0OPA30BaHUS, OCHOBHBIE ITYyTH IBOJIIOLIUH.

MonekynspHble 0OCHOBBI opranuzanuu xpomocombl. dynknuu JIHK, rucronos, PHK B
KJeTouHoM MeTabonu3me. CreruieHne u KpoccuHroBep. PekoMmOuHarms y 6akrepruodaros.

[TonoxxeHre MUKPOOPTaHU3MOB Cpeau NIPYrux opranu3mMoB. CampouThl, Mapa3uTHI,
natoreHHsie popmsl, apxedakrepun. Bonopocnu, nmpocreiimme. ['pubsl. Bupycer.

MexaHu3M MOCTYIUICHUS! B KJIETKH 3YKAapHUOTOB U MPOKAPUOTOB 3K30TCHHBIX BEILIECTB.
Ouznonorusd NUTaHUS. OJIEMEHThl MUTaHUS, WX 3HAYeHWEe JUId Tpolecca OHOCHHTE3a.
PaznooOpa3ue TUIIOB MUTaHUS MUKPOOPraHM3MOB. Pa3Ho0Opa3ue HCTOYHUKOB yTriepoa, a3oTa,
docdopa, cepbl U IPYTrUX FTEMEHTOB, UCIIOIb3yEMbIX MUKPOOPTaHU3MaMH.



B3aumopneiicTBe KJIETOK M Cpelbl, BIMSHHE BHEIIHUX (U3MYECKMX U (UUKO-
XMMHYECKHX (DaKTOPOB Ha pOCT U OMOCUHTE3 Yy MUKPOOPraHu3MoB. CriocoOb!I KyJIbTUBUPOBAHMS
MHUKPOOPTaHU3MOB (IIEPUOINUECKOE, HEMPEPHIBHOE, UMMOOMIIN3ALUS KIETOK U (DEPMEHTOB).

AmnaspoOHoe npixanue. bposkenume. AspoOHoe npixanue. PasHooOpasue cyOcTparos,
OKHCIISIEMBIX MUKPOOPraHU3MaMHu (IPUPOAHbIE OMOTIOIMMEPHI, YTIAEBOAOPOAbI, KCCHOOMOTHKH U
ap.). buocunreTnueckue npoueccel. CHUHTE3 JIUMKIO0B, MTOJIMCAXapUIOB U APYTUX KOMIIOHEHTOB
kinerku. Ilpaktmyeckoe 3HaueHwe »dTux nponeccoB. OOpa3oBaHHE MHUKPOOPraHU3MaMu
OMOJIOTHYECKH aKTHBHBIX BEIIECTB: (PEepMEHTOB, AHTHMOMOTUKOB, BUTAMHHOB, TOKCHHOB.
[lepBuynble 1 BTOpHUHBIE MeTa00IUThL. VX ponb B mpupoje. IIpakTuyeckoe ucmoib30BaHKE.

Cenekuus, reHETHYECKUE OCHOBBI cenekuuu. [loHsTHEe O reHoTUnE M (EHOTHIIE.
HacneactBeHHOCTh, M3MEHUMBOCTH, OTOOp MHUKpOOpraHu3moB. PexomOunamms. [lonstue o
TEHETUKE TMONYJSALUMHA M MOMYJISLUOHHOM W3MEHUMBOCTH. Metoapl cenekiuu. Cenexuus
MHKpOOpranu3MoB.  buochepa um  pacnpocTpaHeHHE  MHUKPOOPIaHM3MOB.  YuacTHe
MHUKPOOPraHU3MOB B KPYTOBOPOTax yIjepoza, a30Ta, KUCIOpPOaa, CEPBHI.

MouJiekysipHasi 0M0JIOTMSI U TEHETHKA KJIETOK

[ToHsiTHE TeHa B «KJIACCUYECKOW» U MOJICKYJISIPHOM T'eHEeTuKe, ero 3Bomtouus. [Ipupona
reHeTuyeckoro marepuana. (OcoOEHHOCTH CTPOEHHS T'€HEeTHMYEeCKOTo MaTepuaiga IMpo- HU
sykapuot. Tpanckpunuus JIHK, ee komnonentsl. PHK-nonumepasza u npomotop. Tpancnsius,
ee orambl, QpyHKIUS pudbocom. ['eHetmyeckuii koq u ero cBoicrBa. Permukamus JIHK u ee
TeHETUYECKUH KOHTpOJb. PexoMmOMHanus, ee Tumel U mMoxenu. Mexanusmsl penaparuu JTHK.
B3auMocBs3b MPOIIECCOB PEIUTHKAINH, PEKOMOMHAIIMN U perapaliuu.

Myranuonnsiii nporecc. Knaccudukarmus myranuii. CIIOHTaHHBIA U WHIYITUPOBAHHBIHA
mytareHe3.  Krnaccudukamuss ~ mMytareHOB.  MONGKYJSIPpHBI ~ MEXaHU3M  MyTareHesa.
BHexpoMocoMHBIE TeHeTHdeckue 3eMeHThl. [lma3smunapl, ux cTpoeHue U KiacCUpUKalus.
Mexanu3m KoHbIoTanuu. baktepuodaru, ux CTpykTypa v )KU3HEHHBIA ITHKIT.

DJIEeMEHTHI TEHETUYECKOT0 aHain3a. [ 'eHeTndeckoe kapTupoBaHue. OU3MUECKUN aHATU3
CTPYKTYpHBI TeHa. PecTpuKIIMOHHBIN aHamu3. MeToabsl CeKBEHUPOBaHUs. Perysiiusa sKkcrnpeccuu
reHoB. [Ipomotop, omeparop u perynstopHble Oeiaku. [103UTHBHBIN M HEraTUBHBIH KOHTPOJIb
AKCIIPECCUU T'€HOB.

OCHOBBI TeHHO HHKEHePUH

@®epMeHTHI peCTPUKLIUU U MOJU(HUKAIMU. BelieneHrne u KIOHUpOBaHUE TeHOB. BekTopbl
JUIS MOJIEKYJISIPHOTO KJIOHMpOBaHMs. [IpuHIMMIBI KOHCTpyHpoBaHus pekoMOuHaHTHBIX JIHK u
UX BBEJICHUS B PELIUIIUECHTHBIE KIIETKH.

XHMMHYeCKHE ACTIeKThI OMOTEXHOJIO0T UM

buooprannueckas xumuss u Ouoxumus. OCHOBHBIE OOBEKTHI  HMCCIEIOBAHUS
OmoopraHM4eckoi XWUMUU. METONbl UCCIEIOBAHMS: XUMHUYECKHe, (Qu3ndeckue, (HU3MKo-
XUMHYECKHE, OMOXUMHYECKHUE.

benku. AMUHOKHUCIIOTBI, KAK MOHOMEPHBIE CTPYKTYPHBIC SIMHUIIBI OCITKOB ¥ MEMTHU/IOB.
YpoBHH  CcTpyKkTypel  OenkoB.  llepBuuHasi  CTpyKTypa: METOJBI  OIpEACTICHHS
MOCIIEI0BATEIPHOCTH AMHHOKHCIIOT, CEKBEHATOPBL. BTopuyHas cTpykTypa OenkoB: anbda- u
OeTta- CTpyKTyphl. TpeTwuHas W deTBepTHYHas (CyObEAMHHYHAS) CTPYKTYphl OenkoB. Poib
BOJIOPOJIHBIX, HOHHBIX, AUCYIb(OHUIHBIX CBs3eH, THAPOPOOHBIX B3amMoaencTBuil. JleHaryparus
(o6parumasi, HeoOpaTHUMast) OEITKOB.

Hykneunossie kucnotel. JJHK u PHK. JIBoitnas cnupans JHK. KommniementapHocTh
OCHOBaHUH. MeTolbl oOmpeeNneHnss HYKICOTHIHOW TMOCIEAOBATEIPHOCTH B HYKJICHHOBBIX



KUCTIOTax. PecTpukuus, pecTpukTasbl. bHOCHHTE3 HYKIEHHOBBIX KHUCIOT. DepmMeHTHI
ouocunTe3a. [loHsTHE O TpaHCKpUIIIIMK, OOpaTHAS TPAHCKPHUIITA3a.

VYraeBoasl. Monocaxapuabl. Ctpoenne u crepeoxumus. [leHTossl (pubo3a, apabuHo3a,
KCHJI03a), TeKCO3bl (TIIOKO3a, MaHHO3a, Talakro3a). MoHocaxapuabl Kak CTPYKTYpPHBIC
MOHOMEpPHBIE EJIMHUIIBI OJUTOo- © monucaxapuaoB. CTPYKTYpHBIM aHamu3 OJUTO- |
nonucaxapunoB. QDYHKIUHM ONHro- W ToiucaxapuaoB. llemmionos3a, Kpaxmal, TIUKOTEH,
XUTO3aH, TMEKTHH. YTJIEBOJACOAEpXKalllhie CMEUIaHHble OHOMONIUMEPHl: TJIMKONPOTEUHBI,
NEeNTHAOTTUKAHbl. BHOKOMIO3UTHI Ha OCHOBE MPHUPOAHBIX MOJUCAXapPHUA0B U MEPCIEKTUBBI MX
MCIIOJIb30BaHUs

Jlummuaer.  Knaccudukanus  mununoB.  Hedrpansubie  naunuasl,  Gocdomunuasl.
CTpyKTypHBIE KOMIOHEHTHI TUNUAOB. Jlumonporenapl. [loHATHE O CTPOGHUU OMOIOTHYECKHX
MeMOpaH. JlumocoMbl. HuszkoMmomnekylspHbie OHOPETyIATOpbl - KOQEepMEHThl U BUTAMHHBL:
HAl, HAI®, ®MH, ®AJl, tuamunnupodocdar, numnoeas kucinora, ATD, OuoTus,
acKOpOMHOBAs KHCIOTa, (oiueBas KHUCIOTA, MAHTOTEHAT KabIUs, KoOalaMUHBL. buoreHHBIC
aMUHBIL: allETUIIXOJIMH, CEPOTOHUH U JIp.

AHTHOMOTUKH, KaK HPUPOJHBbIE AHTUMETA0ONIUTHI. [leHUIUIIINHBL, 1edanoCIOpUHBL,
TETPALUKINHBI, AMUHOTIMKO3UIbI, IMPOTHUBOOIYXOJIEBble aHTHUOMOTUKH. [lodycuHTeTHUecKue
anTnouoTuku. depmeHThl, U UX Ouoxumuueckass poib. Kimaccudukanuss U HOMEHKIATYypa.
AxTuBHbBIEe TIeHTPBI (hepmeHToB. CyOcTparHas cnernuduuHocTb. DakTopbl, 0O0ECreYNBaAIOIINE
depMeHTaTUBHBIA KaTanu3. Poip MeTamuioB B (pyHKUMOHHMPOBAaHUH (hepMeHTOB. MHruOUTOpHI.
Obparumas 1 HeoOpaTumas aeHaTypauus ¢pepMeHToB. CriocoObl MMOOUIH3aMsS (HEPMEHTOB
Ha Pa3IUIHBIX HOCUTEIISX.

OcHOBHBIE TTyTH aCCUMUJISIIIUU CyOCTpaToB: OEIKOB, )KHPOB, YIJIEBOJOB, aMHHOKHCIIOT,
YTJIEBOIOPOAOB, CHUPTOB, OPraHUYECKUX KHUCIOT, MUHEpPAIbHBIX KOMIIOHEHTOB. [Nukonu3 u
opoxenue. Iluknm Kpebca, perynsamuss akTHBHOCTH (EPMEHTHBIX CHCTEM B  IIHKIIE.
['excozomoHO(OChaTHRI TyTh MPEBpAIICHHUS YIIEBOAOB. DHepreTudeckas 3¢h(HEKTUBHOCTH
nukita Kpebca n rimmkonmza. Llens nepeHoca 37aeKTpoHOB, OKUCIHUTENbHOE (OoChOpHINpOBAaHUE B
npixarenbHOM nenu. buocunTes dyepes aunetun-KoA. ®dywkumn HAJIH+ u HAJI(®)H+ B
peakusx cuHTe3a. buocuHTe3 OENKOB, pOJb HYKIEHHOBBIX KHUCIOT. PHOOCOMHBIN IyTh
ounocunTe3a. [IpuHnunel OuosHepretuku. IlyTm M MexaHW3MbI TPEOOpa3OBaHUs DHEPTHH B
KHUBBIX cucTeMax. OOpazoBanne AT® u Apyrux MakpOIPrUu4ecKUX COCAMHEHHUI B KIIETKaX.
Ponrs AT® wu TpancMeMOpaHHOW Pa3HOCTH AJIEKTpOXUMHUUYECKHX moreHnuanoB (TOII) B
TpanchopMaluu W 3amacaHuyd HSHEPTUM B KieTke. MemOpaHHas OMOHEpPreTHKA: HOHHBIC
HACOCHI, IEpBUYHBIC U BTOpuuHble reHepaTopbl TOII. TlonsTHe 00 sHepreTHYecKOM 3apsijie U
SHEpPreTHIecKoi 3PpPEeKTUBHOCTH pOCTa.

OCHOBHBIE TUTIBI CONPSDKEHUS KaTa0OJIMYECKUX M aHAOOIMYECKUX TPOIECCOB. AIpoOHOE
neixanue. JlpixarenpHas 1enb. OCHOBHBIC BUIBI aKIENTOPOB 3JIEKTPOHOB. THIBI OpOXKEHHUS.
Cucremsl cyOctpatHoro (GochopunrpoBaHus. BHOCHHTETHYECKHE TMPOIECCHl B  KIETKE.
BrocunTe3 OMomoaMMepoB: OENKOB, HYKJIEHHOBBIX KUCIOT U mojucaxapu1oB. OCHOBHBIE dTaIlbl
MPOIIECCOB, WX OpraHM3alus B KJIETKaX Jy- W MPOKApHOT. BUOCHMHTE3 NUNUAOB, OuMOTeHe3
o6uomemOpaH. buocunTte3 caxapoB, L-aMHHOKHCIIOT, HYKJICOTHIOB, BUTAMHUHOB (KO(EPMEHTOB).
Bropuunsie MeTabomThl. A30ThUKCAITHS.

®dotocuHTe3. OCHOBHBIC THIBI IPOIECCOB, JAOHOPHI AJIEKTPOHOB. becxiaopoduabHbII
dotocunte3. Dotopenentop. Perymsamus merabomm3ma. OmnpenerneHne, YPOBHU PETYIISAINU.
Perymsiuusa perumkanun JIHK u O6mocunrtesa OenkoB. Perymsiums Tpanckpuniuu. Perymsmus
tparcnsanuu. [loctrpancnsunonHas Moaudukaius. Perynsius akTHBHOCTH (PEPMEHTOB MyTeM



oOpaTuMoi KOBaJeHTHOM Monaudukanuu. Perynsduus akTUBHOCTH IyTeM HEKOBaJEHTHOIO
B3auMojecTBUsL ¢ dddekropamu. Perymsamms kimerouHoro ngeneHus. B3aumopeiicTBue
PETYJISITOPHBIX MEXaHU3MOB MPU YIPABIEHUH CKOPOCTHIO POCTa KIIETOK.

Tpancopt cyOcTparoB M NPOAYKTOB. MeEXaHHU3MbI KIETOYHON MPOHHUIIAEMOCTH:
¢usnueckas nudp¢ys3us, «obnerdeHnas» audQysus, NepBUUHBIA U BTOPUYHBIA AKTUBHBIN
TpancnopT. OpraHu3anusi TPaHCIOPTHBIX cUCTeM. CrocoObl CONPSDKEHHS TPAaHCIOPTa C
SHeprue Merabonm3ma. Perymsius TpaHCIOPTHBIX MporieccoB. CeKpenus W IKCKPEIusl.
MemMmOpanHas peryssiius. Perynsamnus Ha ypoBHE TeHOMA.

TexHos0rn4ecKue acneKTbl OMOTEXHOJIOT U

Meroasl O6uotrexHonoruud. OCHOBHBIE OHOOOBEKTHI OMOTEXHOJIOTHH: MPOMBIILICHHBIE
MUKPOOPTaHU3MBI, KJIETKU U TKaHH PAaCTEHUH, )KUBOTHBIX U YEIOBEKa, OMOKATAIU3aTOPHI, B TOM
YHCIIe PEKOHCTPYHPOBAHHBIC MTPOYIIEHTH OMOJIOTHYECKH AKTUBHBIX BEIIECTB (CENEKIIUs, METOT
pexombuHanTHBIX JIHK, rubpumomMHaast TEXHOIOTHS).

Chipbe U1t OMOCHHTE3a U OLIEHKA ero OMOJIOrnYecKOi [IEHHOCTH.

OcHOBHbIE HCTOYHUKH YIJepona, azoTa, ¢docdopa, MUKpO3IeMEeHTOB. VccnemnoBanue
HOBBIX MCTOYHUKOB CBIPhs (BKJIIOYAsi BOMPOCHI €ro MpeIBapUTEIbLHON 00paboTKH), pa3paboTka
HOBBIX MUTATENBHBIX Cpell, B TOM YHUCIJIE BKJIIOYAIOMIMX OMOCTUMYJISATOPHI U OPYTHE 3JIEMEHTHI
yOpaBlIeHUS U ONTHUMH3AIMU MPOILECCOB OMOCHMHTE3a. MeToapl ONTUMH3ALUU MUTATENbHBIX
cpen.

TumoBble  TEXHONOTWYECKHME  MPUEMBI W OCOOCHHOCTH  KYJIbTUBUPOBAHUS
MUKPOOPraHU3MOB, KIETOK M TKAaHEW pacTeHUM, >XKUBOTHBIX M 4esoBeka. HemnpepsiBHbIE
MPOIIECCHI KyTbTHBHPOBaHUS. Teopus xemocTaTa. ABTOCENIEKIIHS B XEMOCTATe.

[TonmynenpepsiBubie (fed batch culture) u mepuoauueckue mporecchl KyJIbTHBUPOBAHUS.

Kunernueckoe onucanue nepruoguieckoro KyIbTUBUPOBAHUS.

VYnenpHBIE CKOPOCTH pOCTa OWOMacchl, OHMOCHHTE3a TMPOAYKTa M TOTPeOICHUS
cybcTpaTos.

[Tonstue o C-mone Ouomaccel. Bnusame 3arpatr cyOcTpara Ha TOAIEpKaHUE
KU3HEJEATEIILHOCTH, Ha BEJIMYUHY KKYIIET0CsS YKOHOMHUYECKOTO KO3 PUIIHECHTA.

Mopneny KMHETUKH OMOCHHTE3a MPOJYKTOB METa0OJIM3Ma B 3aBHCHMOCTH OT yACTHHOM
CKOpPOCTH POCTa, BO3pacTa KyJIbTyphl, KOHIEHTPAIIMH CyOCTPAaTOB U METAOOJIUTOB B CPEIE.

[Mpuntunsl MacmTabupoBaHus TmporueccoB (epmenrtanuu. Kputepun wmacmraOHOToO
nepexo/a.

OcoOEHHOCTH TOJTYyYEHHUS HMMMOOWIMU30BAHHBIX OHOOOBEKTOB W WX IPUMECHCHHE B
ouorexHonoruu. Juddy3noHHbIE OrpaHWYCHUS TPU MCIOJB30BAHUM HWMMOOMIM30BAHHBIX
(GhepMEHTOB U KJIETOK.

MeTo 161 KOHTPOJIS crienu(PUUECKUX mapaMeTpoB Iporiecca hepMeHTaIHH.

TumoBble TEXHOJOTMYECKUE TMPUEMBbI CTAIUU BBIICTICHUS W OYHCTKH MPOAYKTOB
OuocuHTe3a.

@notanmsi  KIETOK ¢ OEIKOBBIX MPOAYKTOB W3  KYJIbTYPAJIbHOW  JKHUIKOCTH.
DKCTparupoBaHUe MPOIAYKTOB OHWOCHHTE3a U3 OMOMAcChl MHUKPOOPTAHHU3MOB J>KHIKOCTSIMHU U
CYNEPKPUTHUECKUMH KHUAKOCTAMU. LleHTpoOexxHas SKCTpakius JaOWIbHBIX MPOIYKTOB U3
KyJbTYPaJIbHOM KUIKOCTH.

Cymika 1aOMIIBHBIX OMOTIPOIYKTOB U KHUBBIX OWOIIPEnapaToB.

TectupoBanue 6MOTOTNYECKN AKTUBHBIX BEIIECTB MO TUIIOBBIM CXEMaM.

Bonpocsl Hage:xxHOCTH M 0€30MacHBIX YCIOBUH SKCIUTyaTallMy, KOHTPOJsl Ouorporecca,
OXpaHbl OKpyxkatomed cpensl. CoOBpeMEHHBIE TIOAXOAbl K CO3/JaHUIO  pecypco- H



sHeprocOeperammux OMOTEXHOIOTHH.

O0sacTu NpMeHeHnsl COBPeMeHHO 0M0TeXHOJI0rui. DeHOMEeHO0JI0rnYecKoe ONUcCaHue
TEXHOJIOTH. BHOTeXHOJI0ruHU 1JIsl CeJIbCKOX0351IiCTBEHHOT0 IPOM3BOACTBA
(ce1bCKOX03CTBEHHAS] OMOTEXHOJIOT M)

KoHcTpyupoBanue reHHO- MHXEHEPHO- MOAU(DUIIMPOBAHHBIX (TPAHCTEHHBIX) PACTCHHIA.
TexHonOrMM TeHHOW MH)KeHepuu pacteHuil. Co3gaHue pacTeHUi, YCTONUMBBIX K OOJIE3HSAM H
BpenutensiM. [1oBblllIeHHE MPOAYKTUBHOCTH pacTeHui. Co3JaHHe PacTEeHUM C yIy4YlIEHHBIMHU
NUTATEeNbHBIMU CBOMCTBaMU. [Ipo0aemMbl U MepCreKTUBEI.

KauecTBo, 6e30macHoCTs U cepTudUKaMs TeHMOIN(DUINPOBAHHOTO CHIPhSl U MHUIIEBBIX
MPOAYKTOB Ha WX ocHoBe. [IpuMeHeHre reHHOM MHXKEHEpUU B KUBOTHOBOJCTBE (TpaHCTEHHBIE
KUBOTHBIE KaK «OMOPEaKTOPHD) OMOIIOTUYECKH aKTUBHBIX BEIIECTB).

buorexHo/10rnu 151 KOPMOBOI 0a3bl ’KHBOTHOBOACTBA

[IpousBomcTBO KOpMOBOTO  Oenka- Oelka OJHOKJIETOYHBIX MHKPOOPTaHHU3MOB.
[IpombInenHsie  mTaMMbI-poayleHTsl.  ChippeBas 0a3a. buomacca TIPOMBIIUICHHBIX
MUKPOOPTraHW3MOB KaK CbIpb€ JUIsI MOJYyYEHHs IIMPOKOM TaMMbl MPOAYKTOB PA3ITHMYHOIO
Ha3HA4YCHMUS. Hcnonb3oBanue TEXHOJIOTUHU YTUIN3aLNN Pa3IMYHBIX OTXOJIOB
(memtronio3ocofepKaliie  MaTephalibl, MOJIOYHAsi CBHIBOPOTKA, OTXOJbl  MHUIIEBBIX U
poIOoTIepepadaThIBAIOIINX TPOU3BOICTB).

MuxkpoOuonoruyeckoe IIPOU3BOJACTBO (bepMEeHTHBIX [penapaTroB JUTS
KOPMOIIPOU3BOJACTBA. MUKPOOUOIOTHYECKOE MPOU3BOJICTBO WHANBUAYAIBHBIX L-aMHUHOKHCIOT
KOPMOBOTO HazHadeHHs. MUKPOOHMOIOTUYECKOE MTPOU3BOJICTBO KOPMOBBIX AHTHOMOTHKOB

MukpoOHOIOTUYECKOE ~ MPOUW3BOJACTBO  KOHIIEHTPATOB  BUTAMHHOB  KOPMOBOTO
HazHa4yeHus. [Ipon3BOACTBO BAaKIUH IS JKUBOTHOBOJACTBA. [IpOM3BOACTBO MPOOMOTHKOB MAJISt
JKUBOTHOBO/ICTBA.

IIpou3BoaACTBO MUKPOOHBIX NIPENAPATOB VISl PACTEHHEBOICTBA
buorexHonoruu GakTepuanbHBIX W TPUOHBIX CPEACTB 3AIUTHl PACTEHUH OT BPEAHBIX
HAaCEKOMBIX (MHCEKTULHbI, (YyHTHIHAB). BUOTEXHOIOTUM AaHTHOMOTHUKOB MPOTHUB KOPHEBOU
THWIM M MYYHHUCTOH pOChl. buorexHomorum OakTepuanbHbIX YyaoOpenuil. IIpousBoacTBo
CTUMYJISITOPOB POCTa PACTCHH TOPMOHAIBHOW NpUpOAbl. [locTkeHUs OMOTEXHOJOTHH B
obnacTu co3aHus CBOOOIHOTO OT BPEIHON MUKPOGIOPHI TOCATOYHOTO MaTepraa (paccaibl).

buorexHoJIornm 1J1s1 NUIEBOMN U JIeTKOH NPOMbILIJICHHOCTH

MukpoOuonoruyeckoe MPOU3BOACTBO  UHAMBUAYAIbHBIX  OPraHUYECKHX  KHCIOT
(TuMoHHas, s0JOYHAs, acmaparuHoOBas KHUCJIOTHI). MHKPOOHOIOTHYECKOE IPOU3BOJICTBO
dbepMeHTHBIX TmpenapaToB. Vcmonb3oBaHue (EPMEHTOB MHUKPOOHOTO TMPOUCXOXKICHUS IS
MUIIEBONH TMPOMBIIUIEHHOCTU: TPOU3BOJACTBO IMUIIEBOIO 3TaHOJIA, BUHOMATEpUANIOB, IIHBA,
XJICOONEKAPCKUX JIPOXIKEH; MPOU3BOACTBO (EPMEHTHBIX NpenapaToB (PEHHUHOMOAOOHbIE
IPOTEUHA3BI, TJIIOKOU30MEpasbl, OeTa-raJlakTO3uAa3bl, 6era-ppykTodypaHo3ugaszsl);
IPOM3BOJICTBO TMPENapaToB, OCHOBAHHOE Ha MepepadoTKe OMOJIOTNYECKOTO CHIPhS, B TOM UYHUCIIE
U Oromacc MPOMBIIIUIEHHBIX MUKPOOPTaHU3MOB (TIperapaTbl OMOJIOTHYECKH aKTUBHBIX JJ00ABOK,
COJIepKAILINX CMECH aMHUHOKHUCIIOT, MENTU0B, BUTAMUHOB U MHUKPOAJIEMEHTOB; IHILEBKYCOBbIC
N00aBKM; KOHIEHTPAaThl U H30JAThl OETKOBBIX BEIECTB); IMPOU3BOJCTBO IMOJACIACTUTENCH-
3aMeHHuTeNel caxapa (TJII0K030-PppyKTO3HBIE CUPOIIbI, aclapTaM); IPOU3BOJACTBO KOHCEPBAHTOB
(nm3uHa). Mcnonbp3oBaHue QepMEHTOB ISl TEKCTUIBHBIX, KOXKEBEHHBIX TEXHOJIOTUH, MpHU
MIPOU3BOJICTBE CTUPAIBHBIX MTOPOIIIKOB.



MeauuuHckas 0MOTEeXHOJI0THs (OMOTEXHOJIOTHSI 1JIsl MeIUIMHBI)

HUcnonp3oBaHne  METOLOB  MMMOOWIM3allMAd  OWMOOOBEKTOB B MEQUIIMHCKHUX
OMOTEXHOJOTHSIX M B JUAarHOCTUKE 3aboneBaHuil. THUNBI BAaKIMH U WX KOHCTPYHPOBAHHE.
KynbpTypanbHble W TeHHO-WHXKEHEpHBIC BaKIMHBL lIpermaparbl Ha OCHOBE J>XHUBBIX KYIBTYP
MHUKPOOPTraHu3MOB (HOpMOGJIOpsl U mpobuoTuku). JlmarHoctudeckue cpeacTBa in vitro uis
KIIMHUYEeCKNX uccienoBanuii. [lpomsBoactBo mpoOuotukoB. [IpomsBomcTtBo (epMeHTOB
MEAMIMHCKOrO0 Ha3zHayeHus. [Ipon3BOJICTBO MMMYHOMOAYNISTOPOB, UMMYHOCTHUMYJSTOPOB M
UMMYHOJIEIPECCAHTOB. MHKPOOHOJIOTHYECKOE TMPOU3BOACTBO AHTHOMOTHKOB  Pa3iIMYHBIX
KJIACCOB JUISI METUIUHBI.

[Tonmycunrernueckue aHTUOMOTUKU. MUKpPOOHMOIOrHYECKOe MPOU3BOJCTBO BUTAMUHOB
JUTSL 3[IpaBOOXpaHeHUs. TeXHOJIOTHH TPOAYKTOB TpaHCHOPMAIUU OPraHUYECKUX COCHMHCHHIA
depMeHTaMH MHMKpPOOHBIX KIJIETOK: COPOMT B MPOU3BOACTBE ACKOPOMHOBOIH  KHCIOTHI
THAPOKOPTU30H U TPEBpalleHHEe €ero B NPEIHU30JIOH; MPOAYKTHl JIETUIPUPOBAHUS,
BOCCTAHOBJICHHMSI W THAPOKCHIIMPOBAHHSI CTEPOWJIOB; IMPOIYKTHI OKHCIEHUS MPOU3BOIHBIX
WHJOJAa U NMUPUANHA. TEeXHOJOTHH KyJIbTUBHPOBAHMS In Vitro KJIETOK M TKaHEH pacTeHWM Ams
noytydeHus: (GUTONpPEnapaToB U Je4eOHO-TIPODHIAKTHIECKUX T00aBOK.

bBuoTexH0JI0rUM MOTy4YeHUs] JHEPTroOHOCUTe el 11 IJHePreTUKH
MuxkpoOuosnornyeckoe MPOU3BOACTBO BO300HOBISEMBIX HCTOYHUKOB JHEPrHH: HHU3IIMX
CIUPTOB, alleTOHa, MeTaHa, OMOKOHBEPCUEH OPraHMYECKHX OTXOJIOB M PACTUTEIHHOTO CHIPHA.
Mukpo61oI0rn4eckoe Mporu3BOACTBO BOAOPOAA.

Buorexnosorun s HepTe- M rOpHOAOOBIBaIOIIEH H 000raTUTEIbHON MPOMBIIIJICHHOCTH.
I'eoMuKpoOM0IOTHSA ¥ IKOJIOTHS HeTe- U YIIeA00bIYn
BaKTepI/IaHBHOC BBIIICIIAYNBAHUC XUMHUUYCCKUX OJBJICMCHTOB H3 PYyAd, KOHICHTPATOB U
TOPHBIX TIOpO, obOorameHue pya, OMOCOpOIUs METAIJIOB W3 PAacTBOPOB. Y ajieHHWE CEphl U3
Heptn u yrud. IloBbiuenue HedTeoTAaun. YaaneHWe MeETaHa U3 YrOJbHBIX IJIACTOB.
[TonaBnenne Ouokoppo3un HedTenpoBoaoB. I[IpowsBoacTBo OmMoO- W ¢doTOpasiaraeMbix
KOHCTPYKLIMOHHBIX IIACTMACC JUIsl TPOMBILIICHHON 3HEPIreTHKH.

BuoTtexHo0rnyeckne MeToAbI 3alIUTHI OKPY KalOLIel cpebl
(3KoJ0THYecKAs OMOTEXHOJIOTHS)

AHTpONOreHHbIe (PaKTOPBl XUMHUYECKOTO0 U OMOJIOTHYECKOTO 3arpsi3HEHUS OKpYIKaloIen
cpenbl. Opranndyeckue KCeHOOMOTUKHU, COSIMHEHUS a30Ta, cephl, pochopa, TsHKenble METaIbl U
PaAMOHYKIIHIBI.

buonoruueckure MeTo bl sl peIeHUs 3a/1a4 OXpaHbl OKPY>KaAIOLIEH cpeabl.

OcHOBHBIE OMOXWMHUYECKHIE MyTH MHUKPOOHOJIOTHYECKOM Tpanchopmauu
3arpsI3HAIONIUX BeleCTB. MUKpPOOPraHU3Mbl — OHMOAECTPYKTOpHL. buosornueckas ouucTka
CTOYHBIX BOA. lIpUHIMMUANBHBIE CXEMBl OYHCTHBIX COOpYKEeHUU. (OCHOBHBIC MPUHITUITHI
paboThI, METOMIBI U COOPYKEHHUsI a’dpOOHON W aHA3POOHON OMOIIOTMYECKON OYMCTKU CTOYHBIX
BOJI M NepepadOTKU MPOMBIIUICHHBIX OTXOJOB. YTHIM3AIMs AMOKCHAA YTIIEpO/Ja C MOMOIIBIO
MUKPOOPTaHU3MOB.

Bbuonoruveckre MeTo/1bl OUMCTKHU Bo3yXa. buonorndeckas ae3onopanus ra3os.

OcHOBHbBIE METO/BI W MPUHLUIHUANbHBIE KOHCTPYKIMHU YCTaHOBOK. buopemenmanus u
Ouojoruueckas O4YMCTKa MPUPOAHBIX cperll. OcHoBHBIE moaxoasl. Co3laHue TEXHOJOTHHM AJis
BOCCTAHOBJIEHHMSI ~ OKpYy’)Kalollell  cpeabl € HCIOJb30BaHMEM  TIE€HHO-MHKEHEPHO-
MOAM(PHUIIMPOBAHHBIX ~ MUKpPOOpPraHU3MOB. Pa3paboTka OHOTEXHOJIOTHYECKHUX  CIOCOOOB
YHUUYTOXKEHHUS XHUMHUYECKOTO OpyXus. buomormueckas mnepepaboTka TBEpABIX OTXOJOB.



buopecTpykius NpupoAHBIX U CUHTETUYECKUX MOJMMEpPHBIX MaTepuaioB. KommnoctupoBaHue.
Bepmukynbrypa. buomornueckass koppo3us U OHONHABI. MOHHUTOPHHT OKPYKAIOIIEH Cpebl.
MGTO,Z[BI 6I/IOTGCTI/IpOBaHI/I$I n 6PIOI/IHI[I/IKaI_[I/II/I B MOHUTOPHUHTC.

HayuHble 0CHOBBI HH:KEHEPHOT0 0(hopmJIeHHsSI OMOTEXHOJIOT Uil

Crepunusanus TeXHOJIOTHYECKUX TOTOKOB U 000PYAOBaHHUSL.

Knaccupukanuss mnpousBoacTB OHMOCHHTE3a 10 OTHOIIEHUIO K KOHTAMUHAIIHH.
Bo3MoxHBIE TTyTH NMPOHUKHOBEHHSI IMMOCTOPOHHEH MHUKPO(MIOpHI B OMOpPEaKTOp. ACENTHYECKOe
KyJIbTUBHpPOBaHUE. METOAbl OTIENECHUS U JECTPYKLIUH KOHTAMHUHAHTOB, WX CPaBHUTEIbHBIN
aHaJIn3.

Crioco0Obl cTepuIM3allud KUIKOCTEH, TBEPABIX CyOCTpaTOB W Bo3ayxa. TepMuueckas
crepunu3anusa. Kpurepun crepunmzanuu, UX pacder il U30TEPMUUYECKOT0, HENPEPHIBHOIO U
HECTAIMOHAPHBIX YCIOBUH. AnmapaTypHoe 0(hOpMIIEHUE CTAAUN.

JIeKoHTaMMHAIUS BO3/AyXa M OO0OpPYAOBaHUS B TPOM3BOJCTBEHHBIX IOMEIICHUSX.
MarepuanbHblii ¥ 3HEpPreTHUECKUil OanaHChl mpolecca OuocuHTe3a. BiusHHE YyCIIOBHA
KyJIbTUBHUPOBAaHUS TMPOJAYLIEHTa Ha TEIUIOBBIIEICHUE W CTeNeHb YTHIW3aluu cyOcTpara.
[Torpebnenue kucnopoga MHUKpoopraHu3dmamu. Macconepenaya KHCIOpoAa OT BO3AyXa K
KJeTkaM. Macconepenaya  yriaekucioro rasa. [leHooOpa3oBaHMe U IEHOTAlICHHUE.
[TepememmBanue mpu pepMeHTanmu U ero BuAbl. OCHOBHOE (hepMEHTAlMOHHOE 000pYy0BaHME,
€ro BUbI U MpeaBapUTEIbHBINA TOI00pP.

buopeakTopsl NEpUOAMYECKHE W HENPEPBIBHO JCHCTBYIOIIME, MOJIHOIO CMEIIEHMS,
IIOJIHOTO BBITECHEHUS M INPOMEXKYTOYHOrOo THMA. bHOpeakToppl [ OCYLIECTBIEHUS
ACENTUYECKUX, YCIOBHO-aCeNTUYECKMX W HeacenThyeckux onepanuil. Kiaccuduxamnms
OMOpPEaKTOPOB IO CIOCOO0y BBOAA SHEPIHM: aIMapaTbl ¢ MEXaHHYECKUM MepeMeIIuBaHUEM,
O6apOoTakKHBIN, SPIUQPTHBIA. MeTOAbI ONpeIeSIeHNs BEIMUUHBI KOd(DPHUITUEHTA MacCoTIepeiauu B
OropeakTopax pa3iIMuHON KOHCTPYKIIUH.

Onucanre OCHOBHOTO OOOpYIOBaHUS JUIS BBIACICHUS, KOHLEHTPUPOBAHUS U OUHCTKU
OPOAYKTOB OWOCHHTE3a C LEJIbI0 TMOJYYEHHUS TOTOBBIX TOBapHbIX (OpPM Ipernaparos.
Ob6opynoBanue is pa3ieNeHus] MUKPOOHBIX CYCHEH3HM, KHUIKON 1 TBepoi (a3bl (IeHTpUyTrH
OCaZUTENBHOTO M (PUIBTPYIOIIETO THIIA C TIEPUOJUUECKON U ¢ HEMPEPHIBHOM BBITPY3KOH OcalKa;
CymnepueHTpuyTry; cenaparopsl As GHUIBTPOBAHHS U OTKHUMA OCAIKOB).

OO6opynoBaHue s KOHIEHTPHUPOBAHUS KYyJIbTYPAJIbHBIX JKMIKOCTEH M HATHUBHBIX
pacTBOPOB BaKyyM -BBITApUBAHUEM (ammapaThl C BOCXOIAIIEH U TaJaroei MIeHKONW; pOTOPHO-
IUICHOYHbIE HcrapuTenu). O6opyaoBaHue Ui NMPOBEICHHS IPOLIECCOB OCAXKIEHUs (BIUSHUE
HAYaJbHOM KOHIIEHTpAIMM OCa)X/JIaeMOro BelIecTBa, TEMIIEpaTypbl Ha CKOPOCTh 0OpazoBaHUs
0CajiKa).

OOopynoBaHue i TPOBENEHHUS TMPOLECCOB OKCTPAKUMM U3 TBepAod ¢a3pl u
OpPTaHWYECKUM pacTBOpUTENIeM (BIHUSHHE COOTHOIICHHS (a3, BpeMeHHW KOHTakTa ¢a3 Ha
s dexkTuBHOCTL mporecca). OOopynoBaHue Uit OapoMeMOpaHHOTO pa3AeNeHUS U OYUCTKH
IPOAYKTOB OMOCHHTE3a U BO3AyXa (MHUKPOQMIbTpaLus, YIbTpapuiIbTpalus; oOpaTHBI 0cMOC;
CEJIEKTUBHOCTH OapoMeMOpaHHBIX MPOLIECCOB; KOHIIEHTPALUs Telneo0pa3oBaHus).

O6opynoBanue [Uisi  XpoMaTorpauueckoro KOHLEHTPUPOBAHHS M pa3lelieHUs
KOMIIOHEHTOB HAaTHUBHOTO pacTBopa (MOHHBIM OOMEH M reibQHIbTpalus; OYHUCTKA MPOAYKTOB
OouocuHTe3a Ha THAPOGOOHBIX copOeHTax). OO0opyaoBaHUE ISl CYIIKH OMOTEXHOJOTHYECKOU
IPOAYKIHMH (CYLIMJIKM paclbUIMTENbHbIE, BANbIIOBO- JEHTOUYHbIE, OapabaHHbIE, KUIISALIETO CIOM,
HEBMAaTUYECKHE, CyOIUMAallMOHHbIC, BAKYYMHBIEC M BAKYYMHBIE C TIOJJOPOCOM JaBIICHHS).

[IpyHIMIBI perylnpOBaHUs, KOHTPOJS M ABTOMATUYECKOTO YIPABJIECHMS MPOLECCAMU



o6unocunTe3a. Co3naHue U dKCIuTyaTanusi TpuOOpOB, CUCTEM M3MEpeHHs (PU3HKO- XUMUYECKUX,
buznonornueckux U 6MoU3NUECKUX MapaMeTPOB, KOMITbIOTEPU3UPOBAHHBIX TEXHOJIOTHUECKUX
KOMIIJICKCOB.
BuoTexHoioruyeckue MeTOAbI 3a1UTHI OKPY:KalolIeil cpeabl
(3Kko0THYecKAs OMOTEXHOJIOTHS)

AHTpoOTOTreHHbIe (PaKTOPBl XMMHUYECKOTO M OMOJIOTUYECKOTO 3arPS3HEHUS OKPYKAIOIICH
cpenbl. Opranndeckue KCeHOOMOTUKH, COSTMHEHUS a30Ta, cephl, hochopa, TSHKEIbIe METaUIBI U
paaroHyKiIHuIbl. bronoruueckre MeTo bl Tl peIIeHUs 3a/1a4 OXPaHbl OKPY>KAIOLIEH cpebl.

OcHoBHBIE OMOXMMHUUYECKHE MyTH MHUKPOOHOJIOTHYECKOM Tpanchopmauu
3arpsI3HAIOIIUX BelecTB. MUKpPOOpPraHU3Mbl — OHMOAECTPYKTOpHL. buosornuyeckas ouucTka
CTOYHBIX BOA. lIpUHIMMUANTBHBIE CXEMBl OYHUCTHBIX COOpYKeHUW. (OCHOBHBIC TMPUHITUITHI
paboThI, METOJIBI U COOPYKEHHUsI adpOOHON M aHA3POOHOU OMOIIOTMYECKON OYMCTKU CTOYHBIX
BOJ U TEpepadOTKU MPOMBIIIIEHHBIX OTXOJO0B. YTHJIM3AIMs JUOKCHAA YIJIEpOoJia ¢ MOMOIIBIO
MHUKPOOPTaHU3MOB.

buonoruueckue MeTonbl OYMCTKH BO3AyXa. buonoruyeckas ae30q0panusi Ta3oB.
OcHoBHBIE METOJBI M NPUHLHUIHUATIBHBIE KOHCTPYKLIMU YCTaHOBOK. buopemenuamus u
Ounosjoruyeckas O4YMCTKa MPUPOAHBIX cperll. OcHoBHBIE moaxoasl. Co3laHue TEXHOJOTHHM AJis
BOCCTAHOBJICHHMSI ~ OKpY’Kalolled  cpelbl C  WCIOJNb30BAaHHUEM  TIEHHO-MHKEHEPHO-
MOAU(PHUIIMPOBAHHBIX ~ MUKPOOpPraHU3MOB. Pa3paboTka OHOTEXHOJIOTHYECKHX  CIOCOOOB
YHUYTOXKCHUS XUMHYECKOTO OpyXus. buomormdeckas mnepepadOTKa TBEPIABIX OTXOMIOB.
buonectpykiusi MpUpOJHBIX U CHHTETHUYECKUX MOJMMEPHBIX MarepuaioB. KommoctupoBanue.
BepmukynbTypa. buonornyeckas koppo3us ¥ OHoOnuabl. MOHUTOPUHT OKpY’KAIOLIEH Cpebl.
MeTto1bl OMOTECTUPOBAHUS U OMOMHANKAIIMN B MOHUTOPUHTE.

Hay4Hble 0CHOBBI MH:K€HEPHOT0 0opMIIeHHsI OMOTEXHOJIOT Uil

Crepunnzanusi TEXHOJIOTHYECKUX TTOTOKOB U 000PYI0BaHHUSL.

Knaccudukanus mnpous3BOACTB OWOCHMHTE3a 10 OTHOIIEHHWI0O K KOHTaMHUHAI[UH.
Bo3MosxHBIE TTyTH NPOHUKHOBEHHSI IMMOCTOPOHHEH MHUKPOMIOPHI B OMOpPEaKTOp. ACENTHYECKOe
KyJIbTHBHPOBAaHUE. METOABI OTIENCHHUS W JECTPYKIHMM KOHTAMHHAHTOB, WX CPaBHHUTEIHHBIN
aHaJIn3.

CriocoObl cTepuiIM3aluy JKUJIKOCTEH, TBEPIBIX CyOCTpaToB M Bo3ayxa. Tepmuueckas
cTepunm3anus. Kpurepun crepuiusanud, UX pacder Ui U30TEPMHUUYECKOTO, HEMPEPHIBHOTO U
HECTaIllMOHAPHBIX YCJIOBHM. AmnmapaTypHoe odopmiieHue ctaauid. JlekoHTaMuHAIMs BO3AyXa U
000pyI0BaHHUs B TPOU3BOJCTBEHHBIX MTOMEIICHUSIX.

MarepuanbHbIi 1 SHEPTETHUECKUI OalaHCHI TIpoliecca OMOCHHTE3A.

CrexuoMeTpusi MUKpOOHUOJIIOTMYECKOTO CHHTE3a. MeTo/bl pacueTra CTEXHOMETPUUYECKHUX
K03(PPHIIMEHTOB U COCTABICHUE MaTEPHAIBLHOIO OajaHca CTaguu OMOCUHTE3A.

BrusiHue ycnoBWil KyJNbTUBHPOBAHHS TPOAYIICHTA HA TEIUIOBBIACICHUE, BEIUYUHY
HKOHOMHUECKOTO KO3((UIIMEHTa U CTeNeHb yTHiau3anuu cyocrpara. [lorpebienue kuciopoaa
MUKpOOpraHu3MaMu. Maccomepeaada KUCIOpoaa OT BO3ayxa K KieTkaM. KoHIleHTpalnnoHHbIe
«IMBD».  Maccomepenadya — yrieKuUCIOro  rasa.  MaccooOMEHHBIE  XapaKTePUCTHKHU
dbepmeHTanmoHHOTO 000pynoBanus. [lenooOpazoBanue u rneHoramenue. llepememmBanue npu
dbepmeHTaIu U ero BUAbl. MaccoOOMEHHBIN U TEIJIOBOM pacueThl OMOPEaKTOPOB: MO 00JaCTIM
MPUMEHEHHUS, TI0 YCIOBUSAM MPOBEACHUS MpoleccoB Onocunre3a. OCHOBHOE (epMEHTALMOHHOE
0o0opytoBaHUE, €ro BUIBI U TIPEIBAPUTEIBHBIN TI0100D.

bropeakTopsl TEpUOIUUECKUE M HEMPEPHIBHO ACUCTBYIOIIUE, MOJHOTO CMEUICHHMS,
MOJTHOTO BBITECHEHUS W TMPOMEKYTOYHOTO THIA. bBHOpPEakTophl IS OCYIIECTBICHUS



aCeNTUYECKUX, YCIOBHO-aCeNTUYECKMX M HeacenThyeckux onepanuil. Kiaccudukanms
OMOpPEaKkTOpOB MO CHoco0y BBOAA SHEPIMM: aIIapaTbl ¢ MEXaHUYECKUM IepeMEIINBaHUEM,
6apOOTaXKHBIN, SPITUPTHBIH.

Mertoapl ompesaeneHUs BEIWYMHBI KOX(PQHUIMEHTa Maccolepenadd B OuopeakTopax
Pa3JIMYHON KOHCTPYKIIUH.

OcHOBBI MOiCTHPOBaHUSI OMOPEAKTOPOB

Oranel  MogenupoBanus. [lapamerpel MojenupoBaHHsi M HMX  COINOCTaBJICHHE.
MopaenupoBaHue 1O BBOAMUMON VYAEIBHOM DSHEPrUM, IO HWHTEHCUBHOCTH MAacCOIEpEeHOca
kucinopona. HccrnenoBanume u  pa3paboTKa MPUHIUIOB UM QJITOPUTMOB  ONTHMAIbHOTO
KOMIIBIOTEPHOTO MPOEKTUPOBAHMSI OMOTEXHOJOTMYecKHX cucreM. OnucaHue OCHOBHOIO
000pyIOBaHUS JJIs1 BBIJICICHUS, KOHIEHTPUPOBAHHS U OUYUCTKHU MPOITYKTOB OMOCHHTE3A C LEIIBIO
NOJIy4YeHHs TOTOBBIX TOBapHBIX (hopM mpemnaparos. O0opyaoBaHue A pa3AeieHUs MUKPOOHBIX
CyCHeH3UH, )XUIKOW 1 TBepAoH (a3bl (IEHTpHU(PYIH OCAAUTEIBHOTO M (DMIBTPYIOLIETO THIIA C
NEPUOJIMYECKON U C HEMpepbIBHON BBITPY3KOM OcCajka; CymepHeHTpudyru; cemaparopsl s
¢bunbTpoBaHUS M OoTXKUMa ocanakoB). OOopyaoOBaHUE Ul KOHIIEHTPUPOBAHUS KYJIbTYpaJlbHBIX
KUJKOCTEH M HATHBHBIX PACTBOPOB BaKyyM -BbIIapMBaHHUEM (ammapaThl C BOCXOJSIIEH U
najaromeil IJICHKOW; POTOPHO-TUICHOYHBIe ucnaputenu). OOopyaoBaHWE JISI MPOBEICHUS
MPOLECCOB OCaXACHUs (BIMAHHE HAYAIbHONM KOHUEHTPALMU OCAXJAEMOrOo BEIIEeCTBa,
TEeMITepaTyphbl Ha CKOPOCTh 00pa30BaHUs OCAIKA).

OOopynoBaHnue il TPOBENEHHUS TMPOLECCOB OKCTPAKUMM U3 TBepAod ¢a3pl u
OpPTaHWYECKUM pacTBOpPUTENIeM (BIHMSHHE COOTHOIICHHUS (a3, BpeMeHHW KOHTakTa ¢a3 Ha
s dexkTuBHOCTL mporecca). OOopynoBaHue it OapoMeMOpaHHOTO pa3AEIeHUS U OYUCTKH
IPOAYKTOB OMOCHHTE3a U BO3AyXa (MHUKPOQMIbTpaLus, YIbTpapuiIbTpalus; oOpaTHBIH 0CcMOC;
CEJICKTUBHOCTh 0apOMEMOpPaHHBIX MPOIECCOB; KOHIICHTPAIUS Ireie00pa3oBaHus).

O6opynoBanue [Uisi  XpoMaTorpauueckoro KOHLEHTPUPOBAHHS M pa3JelieHUs
KOMIIOHEHTOB HAaTHUBHOTO pacTBopa (HMOHHBIM OOMEH M reibQHIbTpalus; OYHUCTKAa MPOAYKTOB
OouocuHTe3a Ha THAPOGOOHBIX copOeHTax). OO0opyAoBaHUE ISl CYIIKH OMOTEXHOJOTHYECKOU
IOPOAYKIUH (CYIIMIIKH paclbUIUTENbHbIC, BaJIbIIOBO- JIGHTOUYHbIE, OapabaHHbIE, KUIISAIIETO CIIOS,
HEBMAaTUYECKHE, CyOIUMAallMOHHbIC, BAKYYMHBIE M BAKYYMHBIE C TIOJJOPOCOM JaBIICHHUS).

OO6opynoBaHue JUIsi OYUCTKH T'a30-BO3JYIIHBIX BBIOPOCOB M CTOYHBIX BOA (TpyObI
Bentypu, ckpy0Oepbl MOKpOW OUYMCTKH, OTCTOMHHKH, OMOMWIBTPHI, adPOTEHKU, OKCUTCHKH,
METaHTEHKH ).

IIpuHIUNBI peryJIUpoBaHNsi, KOHTPOJISI © ABTOMATHYECKOI0 YIIPaBJIeHHs MPoleccaMu
OMocHHTE3a
Co3manre W OKCIUTyaTalds TPUOOPOB, CUCTEM H3MEpPEHUs (PU3HKO- XHUMHYECKHUX,
¢u3noIOrHUecKUX U OMOPU3NIECKUX MTaPaMETPOB, KOMITBIOTEPU3UPOBAHHBIX TEXHOIOTHYECKIX
KOMIIJIEKCOB.

OueHka ypoBHsI 3HAHUH
MakcumanbHoe Koaudecto 0amios — 100.
MuHUMaJIbHOE KOJUYECTBO OAJIOB JUIS JONMYCKa K IMOCIICAYIOIIEMY BCTYIUTCIEHOMY
sKk3aMeny — 51.

CooTBeTcTBHE CTOOQUIBHOW IMKAIbl MATHOAIBHONW CHCTEME MPHUBEICHO B TaOIHIE
HIKE!



Ne Bane! mo
/11 CTOOAIUILHON

OILIEHKH 110 IISITHOAIUILHON CUCTEME

5 / OTIMYHO — HAIWYWE TITYOOKHUX HMCUEPIBIBAIONIUX 3HAHWHA BCETO
nporpaMMHOIO Marcpuaja, MOHUMAaHHUC CYIIHOCTU W B3aMMOCBIA3U
1 86-100 paccMaTpuBaEMbIX MPOIECCOB u SIBJICHUU. Jlornuecku
MMOCJICA0OBATCIILHBIC, ITOJIHBIC, ITPABUJIBHBIC 1 KOHKPCTHBIC OTBCTHI HA
BCE OCHOBHbIE BOmpochl. [IpaBuiibHBIE M KOHKpPETHBIE OTBETHI Ha
AOIOJTHHUTCIIBHBIC BOITPOCHI.

4 / Xopolo — HaJlu4yhe TBEPIbIX U JOCTATOYHO IMOJHBIX 3HAHUH B
2 69-85 o0beMe  MporpaMMbl  BCTYMHUTENbHBIX  HCHBITAHWW;  4YETKOE
U3JI0KEHUE MaTepuaia, JOMYCKAalTCS OTHEIbHbIE JIOTHYECKHE HU
CTHJINCTUYECKHE MMOTPEIIHOCTH MPU OTBETE

3 / yAOBIETBOPUTEILHO — HATMYKE TBEP/IbIX 3HAHUN MTPOTPAMMHOTO
Marepuaia, MOHMMaHUE CYIIHOCTH pacCMaTpPUBAEMBbIX MPOIECCOB U
3 51-68 apineHuil. [locnenoBarenpHble W NpaBUIbHBIE, HO HEAOCTATOYHO
pa3BEPHYTHIE OTBETHI HA OCHOBHBIE BONPOCHL. [IpaBUIIbHBIE OTBETHI €
HEOOJIBIIMMH HETOYHOCTSMHU Ha JOMOJIHUTEIBHBIE BOIIPOCHI

2 / HeyJOBIETBOPUTEIBHO — OTBETHl HE CBS3aHbI C BOIPOCAMH,
HaIW4Me TPyOBIX OIIMOOK B OTBETE, HEMOHUMAHUE CYIIHOCTH
4 0-50 M3JIaraéMoro BOIPOCa, HEYMEHUE MPUMEHSTh 3HAHUS Ha MPAKTHKE,
HEYBEPEHHOCTh U HETOYHOCTh OTBETOB HA JIOMOJHUTEIbHbIE U
HaBOISLIUE BOIIPOCHI

Pexomenayemasi aureparypa

1. Ampbeprc b., bpeir M., JIptouc JIxk., Padpd M., PobGeprc K., Yorcon [Ix.
MonexynspHast Ouonorust knetku: B 3-x 1. 2-e u3z., nepepad. u gom. Ilep. ¢ anra. — M.: Mup,
1994. - 517 c.

2. AnnGeprc b., bpeii 1., Xonkun K. u ap. OcHOBBI MOJIEKYJIIPHON OMOJIOTUH KIIETKH.
I[Tep. ¢ anrn. — 2-e uza., uctp. — M.: Jlaboparopus 3Hanuii, 2018. — 768 c.

3. ApxameeBa 3.A. be3doponoB A.M., EropoB H.C. u gp. IlpomsinuienHas
mukpoouosorus. [Tox pen. Eroposa H.C. — M.: Beicmias nikona, 1989. — 688 c.

4. be3boponoB A.M., 3aryctuna H.A., [TonmoB B.O. ®depmeHTaTHBHBIE NPOLECCH B
ouorexnonoruu. — M.: Hayka, 2008. — 335 c.

5. beitmu Ix., Ommuce JI. OcHOBBI OMOXUMUYeCKOH nmHkeHepuu. B 2-x Tomax. — M.:
Mup, 1989.

6. buprokoB B.B., Kantepe B.M. Onrtumuzanus NepuOANYECKUX IPOIECCOB
MHUKpoOHosiornaeckoro cuaTe3a. — M.: Hayka, 1985. — 292 c.

7. Eropoma H.C., Camyunosa B.Jl. buorexnonorus. Y4yeGHoe mocobue it By30B MO
pea. Eroposa H.C., Camyunosa B.J[. B 8-mu kaurax. — M.: Beicias mkona, 1987.

8. byroBa C.H., TumuceeBa W.A., Dmp-Perucran I'.M. Teopermueckue OCHOBBI
O0MOoTeXHOJIOrMU. buoXumMHuueckue OCHOBBI CHHTE3a OMOJIOTHUECKH aKTHUBHBIX BemiecTs. [lox pen.
.M. I'pauéBoii. — M.: Dnesap, 2003. — 554 c.

9. Bapdonomeer C.JI., Kamoxubeiii C.B. buorexnonorus: KuHeTHdeckue OCHOBBI
MHUKPOOHOJIOTHYECKHUX MpoIieccoB. — M.: Breicmas mkosa, 1990. — 296 c.

10. I'paueBa M.M., UBanosa JI.A, Kantepe B.M. TexHonorus MUKpOOHBIX OEIKOBBIX
npenapaToB, aMMHOKHUCIIOT U 6uosneprus. — M.: Koroc, 1992. - 383 c.



11. I'pauea M.M., KpuBoBa A.FO. TexHomoruss (pepMeHTHBIX mpemnapaToB. — M.:
Onesap, 2000. — 512 c.

12. T'pun H., Crayt V., Teiinop 1. buonorus. B 3-x Tomax. — M.: Mup, 1990.

13. EnunoB H.II. OcHoBel 6uotexnonoruu. — CII6.: Hayka (Cubupckoe oTaencHue),
1995. - 600 c.

14. Kanynsui K.A., lNonrep JI.W., banamos B.E. O6opynoBanre MUKPOOHOIOTHYECKUX
npou3BOACTB. — M.: Arponpomusnar, 1987. — 398 c.

15. Kantepe B.M. Teoperndeckue OCHOBBI TEXHOJOTHH MHKPOOHOIOTHYECKHUX
npou3BoACcTB. — M.: Arponpomusaar, 1990. - 271 c.

16. Ky3nenoB A.E. u ap. [lpuknagnas 3xoOMOTEXHONOTHsS: yuyeOHOE mocodue: B 2-X
tomax. T. 1 = 2-e uza. — M.: BUHOM. JlaGopaTtopust 3nanuii, 2017. — 629 c.

17. KysunenoB A.E. u ap. IlpuknagHas skoOWOTEeXHOJOTHS: y4eOHOE mocoOue: B 2-X
tomax. T. 2. — 2-e uzn. — M.: BUHOM. Jlabopatopus 3nanuii, 2017. — 485 c.

18. Jlenunmxep A. OcHoBbl Onoxumuu. B 3-x Tomax. — M.: Mup, 1985. — 1051 c.

19. ManakoB M.H., [lo6emumckuii JI.I. Teoperuueckue OCHOBBI TEXHOJIOTHUH
MHUKPOOHOJIOTHYECKUX MPOU3BOACTB. — M.: Arporpomusaar, 1990. — 272 c.

20. MatBees B.E. HayuHble OCHOBBI MHKPOOHMOJIOTHYECKOM TEXHOJOTHH. — M.:
Arponpomusaar, 1985. — 224 c.

21. Pe6pukoB J[.B. u mp. I[P B peansHoM Bpemenwu; nop pea. Peopuxosa [[.B. — 7-¢
u3a. — M.: BUHOM. JlaGopatopust 3Hanui, 2018. — 232 c.

22. Pebpukos JI.B. u n1p. NGS: BbICOKOITPON3BOAUTEIEHOE CEKBEHUPOBAHME; MO 00IIEH
penakuueii /. B. Pe6pukona. — 2-e u3a. — M.: BUHOM. JlabopaTopust 3Hanuii, 2015. — 232 c.

23. Creitauep P., Dnens6epr J., Yurpam JI.H. Mup mukpo6oB. B 3-x Tomax. — M.: Mup,
1979.

24. Mnerens I'. O6mas mukpoduonorus. — M.: Mup, 1987. — 283 c.

25. IImux P. Harnsgaast OMOTEXHONIOTHS ¥ T€HETUYECKas MHKEHEPHUS; Tiep. ¢ HeM. — M.
BMHOM. JIaGoparopus 3Hanuii, 2017. — 325 c.

26. enkynoB C.H. I'enernyeckast nnxeHepus B 2-x yactiax. — HoBocubupck: HI'Y,
1994.
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YTBEP/XKJEHA
npukazom OUILL buorexnonorun PAH
ot «19» suBaps 2026 r. Ne 19.01-02/A

ITPOI'PAMMA
BCTYINUTEJBHOTI'O UCIIBITAHUSA IO CHIEIIUAJIBHOMN JUCHUILINHE
JJIA HOCTYHAIOIIUX HA OBYYEHHUE 110 ITPOI'PAMMAM IIOAI'OTOBKHA
HAYYHBIX 1 HAYYHO-IIEJAT'OT'HYECKHUX KA/IPOB B ACIIMPAHTYPE

HAYYHAS CIIEUAJIBHOCTD 1.5.8 MATEMATHYECKAS BUOJIOT'UA,
BUOUH®OPMATHUKA

ba3oBble TOHATHS W KOHIEMIIMU MOJIKYJSIpHOM TeHetukn. (OCHOBHas J10oTMa
MOJIEKYJIADHOM TIeHEeTHKH. Marpuunslii npuHiun. I[Iporeccsl peluMkanuu, TPaHCKPHUIILNY,
TpaHciauuu. ['enernueckuit kon. CTpykTypa reHoB u reHoMmoB. Cneuupuka TeHOMOB
Pa3IUYHBIX APCTB KUBBIX OPTaHU3MOB. DK30H-UHTPOHHASI CTPYKTypa reHoB. TpaHCKpUIIUSI U
e perynsuus. TUNbl perynsaTOPHBIX PailOHOB TPaHCKPUIIUU. TpaHCKPUMIIMOHHBIE (DAKTOPHI.
Crpykrypa u (QyHKIUS TPOMOTOpa. DHXAHCEp, CalJICHCepbl W MHCYIATOpHI. [loHsATHE O
KOH(OpPManMOHHBIX W (PU3UKO-XUMHUUYECKHX cBoWcTBax nBorHoW crmpanmu JIHK. Crpykrypa
XpoMaTuHa. XpOMOCOMBI. DnureHerndeckas peryisius. Monudukanuu /JIHK u ructoHOBBIX
6enkoB. Ctpykrypa u ¢ynkuus PHK. MukpoPHK u ux yuactue B nmerpaampoanuu PHK.
Jlimnanbie Hexkomupyromme PHK. Tpancnsauums PHK. Perymsauumsa tpancmaumu. CTpykTypa H
(dyHKLMS OETKOB.

Nudopmanmonnsie TexHojoruun B OuomHpopmaTtuke. Vcnonb3oBanue B OHOJIOTHH U
MPUKIAIHBIX HccaenoBanuax. CpeacTBa mepenaydl JaHHBIX; CPEACTBA XpaHEHUs U 00paboTKu
JTaHHBIX. VIHTEpHET Kak CpelACTBO MPO(ECCHOHAIBHOIO OOILIECHHUS M pEeHIeHUS OHOJOTHYECKUX
3anau. [lonstus Web-kanana, Web-cTpaHuIlbl, TUTIEPCCHUIKH U T.J. [ HTIEPTEKCTOBBIE CHCTEMBI.
XML TtexHomorun. DJEKTpOHHAas Tourta. TenekoHdpepeHIu. S3pIKM MporpaMMUPOBAHUS B
ouonndopmaruke. CpaBHUTENBHBIA aHanu3 cpeacts nporpammupoBanusa (C (C++, C#), Java
(biojava), Perl (bioperl), Python, R(Bioconductor)).

ba3el nanubix B OuomHpopmaTuke. ba3sl u 6anku maHHBIX. Kilaccel CTPYKTYp JaHHBIX:
UEepapXUUECKUE, CETEBbIC U PEISLMOHHBIC. SI3bIKM OMMCAHUS W MAHUITyJIUPOBAHUS JTAHHBIMU.
Cuctembl ynpasinenust 6azamu naHHbiX (CYBJI). Apxutekrypa u ¢ynkmnun CYBJ[. Mertosas
nocrymna. Manekcel. XammpoBanue. A3piku 3ampocoB (SQL u mp.). basel 3Hanuii..OcHOBHBIC
uH(pOpManMOHHBIE pecypchl M 0a3bl JaHHBIX 110 MOJIEKYJsipHOM Owosormu. baHku
ouonornueckux nocienoBatenbHocTet (UCSC, Ensemble, GenBank, EMBL), mouck 3anmuceii B
Oankax maHHbIX mo anHHoTaruu (cucrema UCSC Table Browser, Entrez mnm mx aHaior).
Cucrembl opranu3anuy KOHBeepHoil paboTsl ¢ Ononornyeckumu qanubiMu (Galaxy).

OyHKIMOHATBHAS aHHOTaNus OuomnonmMepoB. [lonsTtue anroputma. BeramcnurtenbHas
CJIO)KHOCTB aIrOpUTMOB. CXOJICTBO OMOJIOIMYECKHX MOCIEI0BATEILHOCTEH, €ro OMOI0rMYeCKHi
CMBICJI. MeTO/Ibl BBIpaBHUBAaHHS OMOJIOTMYECKUX TociienoBaTenbHocTer (6enkos, JTHK, PHK);
OCOOCHHOCTH QJITOPUTMOB  BBIPABHMBAHUS B 3aBUCHMOCTH OT THUNA OHOJOTHYECKON
MOCIEI0BAaTEIbHOCTH. MeToAbl BBIPAaBHHUBAHUS: MAapHOE M MHOXECTBEHHOE, JIOKalIbHOE U



riobanbHOe. ANropuT™ TobansHOro BhipaBHuBanus Humnsmana-Bynma (Needleman-Wunsh).
ANTopuTM JIOKaIbHOTO BhIpaBHHBaHus Cmurta-Yorepmana (Smith-Waterman). Gibbs sampling.
Anroputmbl  Blast, FASTA; HazHaueHHe ¥ OCHOBHBIE BO3MOXHOCTH. TexXHOIIOTHSA
AHHOTUPOBAHMSI  TOCIEAOBATEIHHOCTEH;  OCHOBHBIE  TOIXOAbI K  aBTOMAaTUYECKOMY
AHHOTHUPOBAHUIO MTOCIIEIOBATENLHOCTEH; TOCTOBEPHOCTh AHHOTAIIMH 110 TOMOJIOTHH.
Pacrio3naBanue CTpyKTypHO-(DYHKIIMOHAJIBHBIX MOTHBOB B TE€HETHYECKHX TEKCTaX.
[TonsiTue MOTHBA M METOABI €r0 MpPEACTaBIeHUs (KOHCEHCYC, BECOBask MAaTPHUIbl, MAapKOBCKas
Mojienb). OlieHKa TOYHOCTH paclo3HaBaHus. MeToibl paciio3HaBaHus IPOMOTOPOB, YIHXAHCEPOB
U JPYTUX PETYJATOPHBIX YU4aCTKOB. MeTO bl peAcKa3anusi BTOpuyHoil cTpykTypsl PHK.
AHalM3 JaHHBIX MAacCOBOTO OJKCIEpUMEHTa. ['eHoMHMKa W TpoTeomMuka. MeTonbl
KOMIBIOTEPHOTO AaHalu3a IMONHBIX TEeHOMOB. [IOMCK CHTHAJIOB B TEHOME, MOWCK TCHOB.
Omnpenenenue CTPYKTYPHBIX Bapualiii B rTeHOMe. MeTo bl CPaBHUTEIHLHOTO aHAIN3a Pa3IMIHbIX
reHOMOB. MeTabonnueckue MyTH U METOJIbI UX PEKOHCTPYKIMH. JKCIEPUMEHTALHBIE METOIBI,
OCHOBaHHBIC Ha CeKBeHHMpOBaHWHU HOBoro nokosenus (RNA-seq, ChlP-seq, Dnase-seq, WGBS,
Mukpoappen). [IpodaitnuHr sxkcnpeccnu U MpoOJIeMbl aHATNU3a U HHTEPIIPETAIIUN PE3YIbTaTOB.
[TpodaitnuHr cBsI3bIBaHUsA (HAKTOPOB TPAHCKPUMIIIMKM W MOIU(DHUKAIIMNA THCTOHOBBIX OEIKOB;
MOMCK TMHKOB; OMOJoTHYeCcKass HHTeppeTanus pe3ynbraoB. [Ipodaitnmuar metunuposanus [JHK,
nouck auddepeHnaIbHO-METUINPOBAHHBIX PETHOHOB, OMOJIOrHYECKas MHTPEIPEeTALIHSL.
OcHoBBI METOIOB aHaNMK3a AaHHBIX. [loHsTrsa Datamining u Textmining.
Mertoapl knaccuukanum U Kiactepuzanuu. MeTox OmopHbIX BeKTOpoB. DakTOpHBIN
aHayn3 (MeToJ rIaBHBIX KOMIIOHEHT). PerpeccnonHblii aHanu3. JJuCKpMMUHAHTHBIN aHAIU3.

OueHka ypoBHsI 3HAHUH
MakcumanbHOe KoandecTo 0amioB — 100.
MuHUMaJIbHOE KOJUYECTBO OAJUIOB JUIS JONMYCKa K IMOCICIYIOIIEMY BCTYIUTCIBHOMY
sKk3aMeHy — 51.

CooTBeTcTBHE CTOOAUIBHOW IMKAIbl MATHOAIBHONW CHCTEME TPHUBEICHO B TaOIHIE
HIDKE!

Ne banel mo
/11 CTOOAIUILHON

OI_IGHKI/I 10 IATHOAIIIBHOW CHCTEME

S5 / oTnMYHO — HaMM4Me TIyOOKHX MCUEPIBIBAIOIIMX 3HAHUN BCETO
IIPOrPaMMHOTO MaTepuaja, IMOHUMAaHUE CYIIHOCTH M B3aHMOCBS3H
1 86-100 paccMaTpUBaEMBbIX IIPOLECCOB u SIBJICHUM. Jlornuecku
IIOCJIEI0BATEIbHBIC, TIOJHBIC, TPABIIIBHBIE 1 KOHKPETHBIE OTBETHI HA
BCE OCHOBHBIC BONPOCHL. [IpaBWiIbHBIE M KOHKPETHBIE OTBETHI HA
JIOTIOJTHATEIIBHBIE BOIIPOCHI.

4 / XOpomo — HAJINYHUC TBCPABIX U JOCTATOYHO IMOJIHBIX 3HAaHUU B
2 69-85 00BeME mporpaMmaI BCTYIIHUTCIIbHBIX I/ICHI:ITaHI/II\/'I; YCTKOC
H3JI0KCHUC MAaTCpualia, AOIYCKAKOTCA OTACIIbHBIC JIOTUYCCKUC U
CTUJIMCTUYCCKHUC NOTPCIIHOCTHU IMTPU OTBCTEC

3 / yOBIETBOPUTENBHO — HAJIMYKME TBEPBIX 3HAHUIN IPOTrPaAMMHOIO
MaTepuasa, IOHUMaHUE CYLIHOCTH PacCMaTpUBAEMbIX MPOLIECCOB U
3 51-68 apieHuil. IlocienoBarenpHple M NPaBUIBHBIE, HO HEJOCTATOYHO
pa3BepHYTHIE OTBETHI HA OCHOBHBIE BOIIPOCHI. [IpaBUiIbHBIE OTBETHI C
HEOOJIBITMMH HETOYHOCTSIMHU Ha JOTOJHUTEIbHBIE BOIPOCHI




2 / HeyJOBIETBOPUTEIBHO — OTBETHl HE CBS3aHbI C BOMPOCAMH,
HaJlu4yue TrpyObIX OIMOOK B OTBETE, HEIMOHUMAHUE CYIIHOCTH
4 0-50 M3JIaraéMoro BOIPOCa, HEYMEHUE MPUMEHSTh 3HAHUSI Ha MPAKTHKE,
HEYBEPEHHOCTh U HETOYHOCTh OTBETOB HA JIOMOJIHUTEIbHBIE U
HaBOISILIUE BOIIPOCHI

Pexomenayemas aureparypa

1. Ampbeprc b., bpeir M., JIptouc JIx., Padpd M., PobGeprc K., Yorcon [Ix.
MonexynspHast Ouonorust kinetku: B 3-x 1. 2-e u3z., nepepad. u gom. Ilep. ¢ anra. — M.: Mup,
1994. - 517 c.

2. AnnGeprc Bb., bpeii 1., Xonkun K. u ap. OcHOBBI MOJIEKYJIIPHON OMOJIOTUH KIIETKH.
I[Tep. ¢ anrn. — 2-e uza., uctp. — M.: Jlabopatopus 3Hanuii, 2018. — 768 c.

3. bpayn T.A. TI'enomsl. Ilep. ¢ anrin. — M.. MxeBck: MHCTHTYT KOMITBIOTEPHBIX
uccienosanuii, 2011. — 944 c.

4. Kaccumepuc JI. u ap. Knerku no Jlstouny. Ilep. 2-ro anrn. uzn. — M.: JlaGoparopus
3HaHui, 2016. — 1056 c.

5. Koznos H.H. Maremarnueckuii ananu3 renernueckoro koma — M.:. BUHOM.
JlabGopaTtopus 3nanui, 2017. — 215 c.

6. Kpeb6c Ix., lommmreitn O., Kunnatpuk C. I'ens o JIptouny. Ilep. 10-ro anrm. usm.
— M.: JIaboparopus 3nanwmii, 2017. — 919 c.

7. PusHnyeHko I'.10. Maremaruueckoe MO/ICJIUPOBAHUE. 1999.
http://www.library.biophys.msu.ru/MathMod/

8. Pwusumuenko I'.}O. Jlekuuu mo mareMaTH4ecKUM MOJENsSM B Ouojoruu. MkeBck:
Wzn. PX1, 2002. — 236 c.

9. ®owmwun C.B., bepkuabautr M.b. Marematuueckue mpo6iaemsr B ouosorun. 1973, —
200 c. URL.: http://www.library.biophys.msu.ru/FominBerk/index2.htm

10. ®pemnu P.4. KynbTypa *HBOTHBIX KJIETOK: MPAKTUYECKOE PYKOBOJCTBO; MEpP. 5-TO
anri. uza. — M.: BUHOM. Jlabopatopus 3Hanuii, 2017. — 691 c.

11. Hlaiitan K.B., Capaiikun C.C. MonekynsapHas auHamuka. 1999. URL:
http://www.library.biophys.msu.ru/MolDyn/
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YTBEP/XKJEHA
npukazom OUILL buorexnonorun PAH
ot «19» suBaps 2026 r. Ne 19.01-02/A

ITPOI'PAMMA
BCTYINUTEJBHOTI'O UCIIBITAHUSA IO CHIEIIUAJIBHOMN JUCHUILINHE
JJIA HOCTYHAIOIIUX HA OBYYEHHUE 110 ITPOI'PAMMAM IIOAI'OTOBKHA
HAYYHBIX 1 HAYYHO-IIEJAT'OT'HYECKHUX KA/IPOB B ACIIMPAHTYPE

HAYYHAS CIIENUAJIBHOCTD 1.5.11 MUKPOBHUOJIOT' YA

Bo3HuKHOBeHHE U pa3BUTHE MUKPOOHOJIOTHH

OtkpeiTue  Mukpoopranu3moB  JleBenrykom. PabGorsr  I'yka, TepexoBckoro.
[Mocnenyromue paboTsl onucarenbHoro nepuona (Camoiinosuya, Kanesip ne Jlatypa, IlIBanna,
Kroruunra, Openbypra, Kona). OcHoBononararomas posb [lacrepa B pa3BUTHH MUKPOOHOJIOTHH
(uccrnemoBanus B 00JIacTH OpOKEHHUM, 'CaMOMPOU3BOJIBHOTO 3apOkKACHHs", WHOEKIIMOHHBIX
3aboneBanuit). 3HaueHue padbot Koxa, uyncteie KyabTypbl. 3yuenne (uU3HOIOTHYECKUX TUIIOB
MUKpoopranu3mMoB. Pabotel Bunorpanckoro, beiiepunka, MeunnkoBa, Kmtonsepa, Ban-Hwus.
OtkpeiTHe BUpycoB u OaktepuodaroB. Paborsr MBanoBckoro, I'amanes, Tyopra, J'Dpems.
HccnenoBanusi coBeTckux MuKpoOmosnoros. Paborsr OmensHCKoro, KocthrueBa, H.XynskoBa,
Hancona, bytkeBuua, XonomHoro, HWcauenko, I[llanommnukoBa, HMepycaimummckoro u mp.
XapakTepuCcTUKa OCHOBHBIX pa3zeiioB COBPEMEHHONH MHKPOOMOJIOTHH, 00LIasi MUKpOOUOIOTHS,
TEeXHHUYECKas (IIPOMBILUIEHHAs ), CETbCKOX03MCTBEHHAsA, BO/IHAS, T€0JIOrMUECKasl.

Mukpoopranu3mMbl 1 UX KJaaccupurkamus

Mup MuKpoopraHu3moB; oOuue npaBuia U pazHooOpasue. [lonoxeHue cpenu Apyrux
opranu3moB. IIpokapHOTHbIE ¥ 53BKApUOTHBIE MHUKPOOPTaHU3MBbI, OCHOBHBIE PA3JIMYHUIL.
[Mpunuunsr  knaccuukauuu. [lpaBuna HOMEHKIATyphl M JUAarHOCTUKU.  3HAYEHUE
MOP(}OIOrHUECKUX, KyJIbTyPaIbHBIX, THHKTOPUAIbHBIX, [IUTOJIOIHYECKUX, (U3HOTOTHUECKUX U
pa3nuyHBIX ~ OMOXMMHUYECKMX  TPU3HAKOB  JJS  CHCTEMAaTHMKHM  MHUKPOOPTaHHU3MOB.
Takconomuyeckoe 3HaueHue cocraBa M crTpykTypel JIHK, cocraBa KjI€TOUHOW CTEHKH.
Hymepuueckas TtakcoHomus. PuioreHerudeckas cucremMaruka. [IpokapuoTel — OCHOBHBIE
00BekThl MuKpoOHonoruu. OcoOEHHOCTH OTIENbHBIX Tpynn. bakrepun u ux pasHOOOpaswue.
Hctunabple OakTepun. AKTHHOMUIIETHI, MukoOakTepuu, Mukoriazmel, CiupoxeTsl, PukkeTcum.
[{nanobakTepun (CHHE-3€JICHBIE BOJOPOCTH) W OJM3KHME K HaM MHUKpoopraHu3Mmbl. Kiaccer,
MOPSAKM M BaXKHEUIIME CEeMEMCTBa MPOKapuoOT. OBKapuOThl. KparTkas xapakTepHCTHKa
OTIIENbHBIX TPYII HBKAPHUOTHBIX MHUKpPOOPTaHM3MOB: TpuUOOB, BOJOpOCIEH, NPOCTEUIINX.
Bupycel. Ux knaccudukanus. @aru (6akrepuodaru, aktuHoparu u ap.). OCHOBHBIE CBOICTBa
BUPYCOB (COCTaB, CTPOECHME, B3aUMOACHUCTBUE C KIETKOM xo3suHa). [lonoxenue B
OMOJIOTUYECKOM MUDE.

XuMH4ecKHil cocTaB

DneMEeHTapHBI COCTaB KJIETOK MHUKpoopraHu3moB. CojaepxkaHue BOAbI U €€ (POPMEI.
OcHoBHBIE TIONUMEPHI KJIETOK; OTJIMYUE cocTaBa OT BuUpycoB. Coxaepxanue U (QyHKIUU
pPa3JIMYHBIX KOMIIOHEHTOB KIJIETOK. 3alacHble BemlecTBa. l3mMeHeHume cocTaBa KIETOK B



3aBHCUMOCTH OT YCJIOBHM KYJIbTUBUPOBAHUS U COCTOSIHUSI MUKPOOPTaHU3MOB.

Mopddoorus, cTpoeHne U pa3MHOKEHUe

MUKpOCKOMMYECKHE METOBI U3YYCHUS MUKPOOPraHU3MOB. CBETOBOM MUKPOCKOITI U €T0
Pa3HOBUIHOCTH; TEMHOMOJbHAs, (A30BOKOHTPACTHAS, AHONTpANbHAS W JIOMHUHECIEHTHAs
MUKpockorus. [IpUroToBneHue pasIuYHBIX MPENapaToB MHUKPOOPTraHU3MOB. MeTonsl U
3HAUEHUE OKPACKU KIETOK. DIEKTPOHHBIM MUKPOCKON M €ro MPUMEHEHUE B MUKPOOHOIOTHH.
VYabTpaTonkue cpesbl. CrocoObl pa3pyieHus KJIETOK U BbIIEJICHUE OTACIbHBIX CTPYKTYP.

Mopdomorusi Mukpoopranu3moB. Paszmepbsl. OJHOKJIETOYHBIE W MHOTOKJIETOYHBIE
dopmbl. OcHOBHBIE (HOPMBI OJHOKIJICTOYHBIX OakTepuil. Mopdomaorus aKTHHOMHUIIETOB,
MHUKCOOAKTEpH, CIIMPOXET, HUTYATHIX W MOYKYIONUXCS (HOpM, ITPOXIKeHd rpruOOB, BOJOPOCICH.
Crpoenune kieTok. OCOOCHHOCTH CTPOCHHS KJIETOK MPOKAPUOT B CPABHEHHH C IBKAPHUOTAMH.
SnepHblii anmapar, cocTaB M OCOOCHHOCTH opraHu3anuud. COCTaB M CTPOCHHE KIETOYHBIX
CTeHOK. KIeTOUHbIe CTEHKH y TPaMITIOJIOKUTEIBHBIX U TPAMOTPHIIATEILHBIX MUKPOOPTaHU3MOB,
ux Qynkuuu. [TporomnacTtsl u cdepornactel. L-hopMbl 1 MHKOTMIIa3Mbl; BO3MOXKHBIE TIPUIHHBI
X BO3HHMKHOBeHMs. Karcynbl: pasHOBHIHOCTH, cocTaB U 3HaueHHUe. DUMOpUH U BBIPOCTHI.
[MuTonnazmaruyeckass MeMmMOpaHa, €€ cocTaB, opraHuzauus ©u ¢GyHKOUS. MUTOXOHIPUU.
Xnopomnactsl. l{uTomnnasma M opraHouJsl MPOKAPHOTOB: PUOOCOMBI, ME30COMBI, THUIAKOUIBI
(xpomatodopsr), a3pocoMbl (Ta30BbIC BaKyOJIH). BKIIFOUeHMS, ©X COCTaB W 3HA4YeHHE. J[BHKEHUS
MUKpPOOPraHu3MoB. JKTyTHKH, UX YHMCIO U PaCIoOJIOKeHHE y OaKTepHil; cOCTaB U CTPOCHHUE.
OumMOpuM ¥ aKCOCTHJIb  CIIUPOXET, CKONMB3simuX  ¢opM. TOKCHUYECKHE  peakiuu
MUKPOOPTaHU3MOB (a3pPOTAKCHC, XeMOTaKcuc, Gporotakcuc). Pasmuoxkenue. L{ukibl pa3Butus u
CIoCcOOBI Pa3MHOKECHHSI TPOKAPUOTHBIX U IBKAPUOTHBIX MUKPOOPTaHW3MOB. buHapHOe NeneHue
U ToukoBaHWe. Pa3MHOXeHHMe OakTepwii, aKTMHOMMIIETOB, HHUTYAaTHIX (OpPM, BOJIOPOCICH,
rpu6oB. IlomoBol mpomecc y Mukpoopranu3moB. [lokosimmecs: GopMbl MHUKPOOPTaHHU3MOB,
DHI0CTIOPHI OaKTepuit 0Opa3oBaHKE, COCTaB, CBOMCTBA U OMoOJIOTHYecKoe 3HaYeHHE. [{UCTHI.

KynabTHBHpOBaHHE H POCT MUKPOOPraHU3MOB

HakonuTenbHble  KynbTypbl W NPUHLMIBL  JIEKTUBHOCTH. YHCTBIE  KYJIBTYpPBI
MUKpPOOPraHu3MoB. MeToasl nosydeHus U 3HaueHue. OCHOBHBIE THIIBI Cpel] IO COCTaBy U
¢usnueckomy coctosiHuio. KynbTuBupoBanue a’spoOHbIX, aHaPOOHBIX U (DOTOCHHTE3UPYIOLIHX
MHUKpoopranu3MoB. IloBepxHocTHOe U TIIyOMHHOE BbIpamiMBaHue. PocT  momymnsuii
MUKPOOPraHU3MOB B IEPUOAUYECKUX KysbTypaX. [loctpoenue kpusbix pocra. dasbl KpUBOU
pocra, uXx ocobeHHocTH. OmnpeneneHue CKOPOCTH, YAEIbHOM CKOPOCTH pOCTa, BPEMEHU
TeHEepaly, HSKOHOMHUYECKOTO KO3 (UIIMEeHTa, CyOCTpaTHOW KOHCTaHTHL JIByxda3HOCTh
pa3BUTUM KyJIbTyp, BTOpUYHbIE MeTaOonuThl. Jlunaykcus. IlpuumHBl NIMMUTanIMKM pocTa M
orMupanus. HenpepeiBHble KynbTypbl. HenpepsiBHOE BOoCIipon3BeA€HNE KPUBOM pocTa: OaTapeu
bepmenTepoB, TyOyIsIpHBIE anmnapaThl. | OMOreHHO-HENpPEepHIBHOE KyJIbTUBUPOBAHHE. XEMOCTAT,
TypOugocTar. 3HaueHHe METOJla HEMPEPhIBHOTO KYJIHTUBUPOBAHUS IS U3yUeHUs! (PU3UOIOTHH
MUKpPOOPTraHM3MOB U B IPOMBIIIJIEHHOCTH. POCT M pa3BUTHE KIETOK MHUKPOOPTaHU3MOB.
CHHXpOHHBIE KYJIBTYPBI, CIIOCOOBI UX MOJIyYEHHUS.

DuU3H0JI0rusl MUKPOOPIraHU3MOB. /lelicTBHe (D)AKTOPOB BHELIHEH cpeabl
Poct B 3aBucumoctH 0T TemmepaTypsl. KapanHanbHble TOYKHM (BEpXHUE U HUKHHE
rpaauIlel). OcobeHHOCTH TMCUXpPOGUIOoB, Me30puIoB U TepMOodmiIoB. TepMOyCTOMYUBOCTH
BEreTaTUBHBIX KJIETOK PA3JIMYHbIX MUKPOOPraHM3MOB, OHHAOCHOp OakTepuil U JIpyrux
nokosimmxcst ¢opMm. Mcrmonbp3oBaHuWEe BBICOKHMX TeMIeparyp Uil cTepwinzanuu. JledcTBue
HU3KMX TEeMIEparyp. XpaHEHHE 3aMOPOXEHHBIX KyJbTyp. I'MapocTaTMueckoe [AaBlIEHUE;



OGapodunbHble W OapoTosepaHTHbIe (QopMbl. Ocmotmueckoe pnaBieHue. (OcoOEHHOCTH
ocMO(GUIOB M TaloQWIOB, paclpocTpaHEHHE M NpaKTHUecKoe 3HayeHue. Panuanus.
DU3HOIOTNYECKOE, MYTareHHO€ u CTEepUIU3yIoLIee JEUCTBHE. Y eToi4nBOCTS
MUKpPOOPTaHU3MOB K  YIbTPa(HONETOBBIM JIydaM H  HOHU3HUPYIOIIUM  H3IIyYCHUSM.
®dotopeakTuBanus. PocT MUKpOOPraHM3MOB B 3aBUCUMOCTHU OT BIAKHOCTH.

YcroitunBocTh K BhICymIMBaHHo0. JInodunuzanus. OTHOIIEHHE MUKPOOPTaHU3MOB K
KHCIIOPOY; a’poObl M aHa’poObl (oOymratHbie W (DaKyJIbTaTUBHBIC). BO3MOXKHBIC NMPUUYMHBI
WHTHOMPYIOMIETO JEHCTBUSI KUCIOpPOJa Ha CTPOTHMX aHa’dpoboB. PocT pazmmunbix a’po0oB B
3aBUCUMOCTH OT cojepkanus kuciopoga (pO2). OKHCIUTETbHO-BOCCTAHOBUTEIBHBIN
MOTEHITMAN cpenbl, (pakTopsl, ero omnpenenstomue. 3nadeHue pH cpensl. lllenoueycroitunBsie,
KHCIIOTOYCTOMYMBBIE W alUAO(DUIbHBIE MUKPOOPTaHU3MBI. 3Ha4YeHHe W30bITKA W HEAOCTaTKa
3JIEMEHTOB MUTaHUs. AHTUMUKpPOOHBIE BemecTBa. [Ipupoaa u npoucxoxaeHue (abMOTHIECKOe,
OMOTHYECKOE) AaHTUMUKPOOHBIX BemecTB. CHenupuIHOCTh Y MEXaHU3M  JICHCTBUAL.
Bakrepuocrarnueckuit u OaktepunuaHbli  d3ddexTe. OOmacTH NpPUMEHEHUS pa3IMYHBIX
AHTUMHUKPOOHBIX COCIMHEHU. Baxwnerimme XHMHOTEPANEBTUUECKHUE Mpenaparsl,
KOHCEPBUPYIOIINE, Ae3UHPUIUPYIOLIUE sI CTEPUIIN3YIOIIIE CPEICTBA.

IIuranue

Pa3nooOpasue morpeOHOCTEH B MUTAaHUM B MHUPE MUKPOOPTaHU3MOB. ABTOTpodus u
rereporpodusi. I[lonstus QoroaBroTpodus, dororerepoTpodusi, XeMOIUTOABTOTPODUS,
XEMOJIUTOOPTaHOTpousi, XxemoopraHorereporpodus. CarnpoduTsl, KOMEHCAIbl U IapasUTHI.
[IporoTpodsl, aykcorpodsl, mapaTpodsl (BHYTPHKIETOUYHBIE Tapa3uThl). IcTouHUKH yriepoaa u
SHEPTUH, UCIIOJIb3yeMble MUKpoopranuzmamu. PaznooOpasue. Mcrounuku azora. Opranndeckue
U MHUHEpaJbHBIE COCJMHEHUS a30Ta, poOJb B Merabonmu3me Kkietok. [loTpebHOCTD
MUKpPOOPTaHM3MOB B TOTOBBIX aMHHOKHCIIOTaX, BHTaMHUHaX U Jpyrux (akropax pocra.
[TpakTHueckoe pUMEHEHNE ayKCcOTpO(HBIX MUKpPOOPTaHHU3MOB. [ToTpebHOCTH
MHUKPOOPTaHU3MOB B COCAMHEHUSAX cepbl, ¢dochopa, B MHKpPOIIEMEHTax (JKelie3e, MarHww,
KaJIud, KaJbIIMHM, HATPUU, MapraHie, MOJauOaeHe u Jpyrux). MX poab B MeTaboiau3Me.
[IpoHUKHOBEHHE B KIETKYy MNHUTATENbHBIX BemecTB. [luddy3us W aKkTUBHBIA TpaHCIOPT
BBICOKOMOJICKYJISIPHBIX COCTMHEHUN U COSAMHEHUI HEPACTBOPUMBIX B BOJIC.

OO0OmeH BemecTB (MeTa00IU3M)

Anabonuyeckne M KaraboiMyeckue mpouecchl. MX B3aMMOCBSI3M Yy  Pa3HbIX
MHUKpPOOPraHu3MoB (aBTOTpodoB, rerepoTpodoB). AMbuOomHUTH U 11eHTPaOb0aUTH. OCHOBHBIE U
JIOTIOJTHUTEIbHBIC (aHAIIIEPOTUYECKHE) ITyTH METa00IM3Ma.

1. AnaGom3M (KOHCTPYKTHBHBIN METaOOIU3M).

OcHOBHbIE MOHOMEpPHI KOHCTPYKTHMBHOIO MeTa0oju3Ma (OpraHMYecKHe KHUCIOTHI,
AMHHOKHUCIIOTHI, caxapa, a30THCTble OCHOBaHMA U jApyrue). [lyTu oOpa3oBaHus U JajdbHEUIIETO
UCTOJIb30BaHUS. ACCHUMWJISIIIUA  YIJIEPOAa YIJIEKUCIOTH reTepoTpodamMu M aBTOTpOhamHu.
[lentozodochaTHbii  BOCCTAHOBUTEIBHBIA IMKJI YIJIEpOAa W BOCCTAHOBUTENBHBIA ITHKII
KapOOHOBBIX KHCIOT. Hanmuuume »THX [HKIOB Yy pa3iNMYHbIX MHUKPOOpraHu3MoB. Ilytu
ACCUMIJIALIMA MHKPOOPTaHU3MaMHU JPYTHX OJHOYTJICPOJHUX COCIWHEHUH (METaH, METAaHOI,
dopmuar). Mcnonp3oBanue anerata U APYrux OBYYIVIEPOJHBIX COCAMHEHWH. 3HAYeHHE IUKJIA
TPUKapOOHOBBIX KUCIOT U TNIMOKCUJIATHOTO HIYHTa B KOHCTPYKTUBHOM METa0OIu3Me. Y CBOCHHE
MUHEPAJTBHBIX COEIMHEHUN a3oTa. AcCUMMWIISLMOHHAs HUTpaTpenykuus. Ilytu obpazoBanus
aMUHOKHUCJIOT  (MpsAMOe  aMUHUpPOBaHUE, IEpeaMHUHUPOBAHHE,  B3aHMOIIPEBPALICHUE).
Ob6pazoBanue MuKpoopranuzMamMu d -aMHHOKHCIOT. @DHKcalus MOJEKYJISIPHOTO a30Ta.



CBOOOMHOXKMBYIIME W  CHUMOMOTHYECKHE a30TPHUKCATOpPhl. MexaHu3M  a30T(PHUKCAIIHH.
[IpakTnueckoe 3Ha4YeHUE Mpolecca. YCBOCHUE COCAUHEHUW Cepbl. ACCUMMIISIIIMOHHAS
cynbdarpenykuus. CHHTE3 HYKICHHOBBIX KHCIOT, moiudocdaroB, OEIKOB, ITUIUAOB,
MOJIMCAXapUAOB, M JAPYTUX KOMIIOHEHTOB KJIETOK. [IpakTudeckoe 3HauYe€HHWE MHUKPOOHOTO
O6unocuHTe3a. MUKpOOPraHM3Mbl KaK HCTOUHUKH JEHIEBOr0 Oeika U aMHHOKUCIOT. OOpa3oBaHue
U BBIJICIICHHE THAPOIUTHUYECCKHX (EepMEHTOB (MpOTeWHA3, HyKJea3, aMmmias, MeKTHUHA3,
1eJUTI0NA3, JIMIAa3), BATAMHUHOB U JPYTHX POCTOBBIX (DAKTOPOB, MOJMCAXAPHUIOB (AEKCTPAHOB),
TOKCHHOB, ajJKOJIOMJOB. bHOCHHTE3 aHTHOWOTHKOB. DBakHelmme aHTHOMOTUKH HW HX
MPOIYLIEHTHI; MPAKTUYECKOE MPUMEHEHNE aHTHOUOTHKOB.

2. Katabonu3m (9HEepreTHIecKue mporecch).

CrocoObl TOMY4YeHUS MUKPOOPTaHM3MaMU OSHEPrus HW TMYTH ee TpaHchopMmaimm.
Buonornyeckoe okucieHue. DHIOTCHHbIE M 3K30TCHHbIC, OPraHMYECKHEe M HEOpraHUYecKHe
okucnsiemble cyOcTpaTsl. X pa3sHooOpa3ue M OOIIHOCTH IMyTEH OKHCIUTEIbHBIX IPOLIECCOB.
Kucnopog wu gapyrue akuentopsl Bojpopona. LlentpanbHas ponb AT® u cmocoObl ee
00pa3zoBaHus: OKUCIUTENIbHOE (HOChHOPHIMPOBAHNE B IIEMU TIEPEHOCA DJIEKTPOHOB, CyOCTpaTHOE
dbochopunupoBanue, hotodochopuaupoBaHre. IBOIIOIHUS SHEPTETUUECKHUX MTPOIIECCOB.

bpoxenus. Knaccuduxarnusa coOpaxuBanus yriaeoaos no [lamomHukoBy. CydcTpaTHoe
dochopunupoBanue. CnuproBoe. MOJIOYHOKHUCIOE TOMO- U reTepodepMeHTaTUBHOE OpOKEHHUE,
MIPOMMOHOBOKHUCIIOE, MAaCISIHOKHCIIOE, alleTOHOOYTUIIOBOE, cMellaHHble OpokeHus. OCHOBHbBIE
IOPOAYKTHl pPa3lMYHbIX OpokeHHi. M3MeHeHHMs OpokKeHUl B 3aBUCHUMOCTH OT YCIIOBHM
KyJTbTHBHPOBAHUS  MHUKPOOpPraHu3MoB.  JIByxda3zHOCTh  OpoKeHMid, €€  IPUYUHBL
XapakTepucTuka MHKPOOPTaHU3MOB, BBI3BIBAIONINX pa3IU4Hbe OpokeHus. [IpakTuyeckoe
3HaUEHUE OTHX IMPOIECCOB. AHA’pOOHOE pA3JIOKEHHE MHKPOOPTaHM3MaMHU TOJIUMEPHBIX
coenquHeHuil.  llemtrono3opaspymiaoomuye, NEKTUHpa3pylIaloliie, aMMOHU(UIMpYOIINE
(THUJIOCTHBIEC) COpaKMBAIONIUE AMUHOKHUCIOTHI, OAKTEPUU W JAPYTHE MHKPOOpPTaHW3MBI. X
MPAKTUYECKOE 3HaYCHHE.

AHa3po0HOe OKHMCJICHHE OPTAaHMYEeCKUX CyOCTPATOB ¢ HCIO0Ib30BAHMEM HEOPraHMYEeCKOI0
aKuenTopa Boaopoaa

MertanoOpasytomue apxen. IlyTe oOpazoBaHMsl METaHa NPU MCIIOJIB30BAaHUH PA3IMYHBIX
coequnenuii. Cynbdarpenykius. MHKpOOpPTaHU3MBI, BBI3BIBAIOIIME ATOT mpouecc. Iyt
JUCCUMWIIILMOHHON  cynbgaTtpenykuuu.  Okwucisiemble  cyOctpatel.  JleHuTpudukamus.
Mukpoopranusmsl, BbI3BIBAIOIIKME 3TOT mpouecc. IlyTh TMCCUMMISIIMOHHOW HUTpATPELyKIIMH.
Oxucnsiemble cyOcTpaThl. 3HaueHHE ACHUTpUDUKALNU, CYIbGAaTPEeIyKIIMH U METaHOTeHe3a B
MPUPOJHBIX YCIOBHUSX.

A3po0OHOe OKHCJ/IeHHe OPTAaHUYeCKUX BelllecTB

PazHooOpaszue cyOCTpaToOB, OKHUCISIEMBIX MHKPOOPraHM3MaMH: YIJIEBOJIBI, OCNKH,
HYKJIEMHOBBIE KHUCIJIOTBI, JIMIHIBI, YIJIEBOAOPOIBI, IOJIMMEPHBIE U MEJIKHE MOJIEKYJIBL.
VYHuBepcaiibHble MexaHu3Mbl moiydeHus AT® npu OHMOJOTHYECKOM OKHUCICHUHU: ITUKII
TPUKApOOHOBBIX KHUCJIOT W TMEHT030(oc(aTHBIA OKUCIAUTENbHBIN LUK, KoHeuHble myTH
nepeHoca BOJOpOa M 3JIEKTPOHOB OT cyOcTpara Ha KuciaopoJ. ['nmaBHeHne mepeHOCYHKH U
dbepmMeHThI, yuacTByromue B 3Tux mnporeccax. [lomnoe okucnenne 1o CO2 u H2O (mpixanue).
Henonnoe okucieHue opraHMyeckux CcyOCTpaToB, MPOAYKTbl W TNPUUYUHBI ATOTO SIBICHUA.
CedeHne OaKTEepUil U CBS3b ATOTO MPOIIECCa C OKUCIUTEIBHBIMU MTPOIIeCCaMi. XapaKTePUCTHKA
U MPaKTUYECKOE 3HAUEHUS BAXKHEHIIMX TPyNI MHUKPOOPTraHU3MOB, CIOCOOHBIX OKHCIATH
pa3iuyHble TMPHUPOJIHBIE BEIIECTBA C OOpa30BaHMEM TPAKTUYECKH IICHHBIX IPOIYKTOB.
YKcycHOKHUCHBIE OakTepuu, oOpasyemble UMH NpPOXyKThl. CHHTE3 OpPraHHYecKHUX KHUCIIOT



apyrumu  Oaktepusimu U rpubamu. TpaHcopmanuss MHUKpOOpraHM3MamMH CTEPOUIHBIX,
WHJOJBHBIX U IpYruX coequHeHuil. [Ipaktuueckoe UCoOIb30BaHUE.

Okuc/ieHHe HEOPraHUYECKUX COeTNHEHUI (AHOPTrOKCUIAIMST) U XeMOCHHTE3

I'pynma XEMOJINTOABTOTPO(HBIX MHKPOOPraHU3MOB, OCHOBHEIE CBOMCTBA
Hutpudukamus, $assl nporecca, mpoMexyToUHble U KOHEUHbIE TPOXyKThl. COeAMHEHUS Cephl,
OKHCJISACMBIC MHUKPOOPraHu3MaMu. HyTI/I OKHCJICHH, KOHCYHBIC TIPOAYKTHI. Oxkucnenue
Bomopona. OKHCIIEHHE »JKelle3a W Maprafiia, JHEPreTHYeCKoe 3HaueHHWe. OJICKTPOHHO-
TPAHCHIOPTHBIE CHUCTEMBI PA3JIMYHBIX XeMO0aBTOTPO(oB. KoOHEUHBIE aKIEenTOphl AJIEKTPOHA.
O(PGhEeKTUBHOCT,  HWCIONB30BaHHUSI ~ CBOOOMHOW  »Hepruu.  [IpakThdeckoe  3HauYeHUE
XEMOJIUTOABTOTPO(OB.

DOTOCHHTE3NPYIOLIHE MUKPOOPTaHU3MbI

XapakrepucTuka (HPOTOCHHTE3UPYIOUMX OakTepuil M MHKpoBojopocieid. OcoOeHHOCTH
OaKTepHaTbHOTO u PacTUTENILHOTO ¢dorocunTe3A. [TurmeHTs!, YCTPOUCTBO
(OTOCHHTE3UPYIOIIETO anmnapara, MEXaHU3M U IPOIYKTHI (POTOCHHTE3A.

I'enHeTHKa U N3MEHYHMBOCTH

Opranuzaiysg TEHETUYECKOro ammapara y 53BKapHOTOB M MPOKAPUOTOB. MexaHHU3M
permukanmu JIHK. T'enernueckmii koxg u cuHTe3 Oenka. ['eHetmdeckas u (peHOTHUIIMUECKAS
(¢pusmonornyeckasi) M3BMEHUNBOCTh. MyTanusi U pekoMOuHanuu. [Ipupoma u TUIMBI MyTaIuu.
Yacrora wmyrtanmii. MyTtarennsle ¢aktopsl. [lomynsimonHas w3MeHUHMBOCTh. Cenexums
MyTaHTOB. OOIacTH  MPAKTUYECKOTO  HCIONB30BAaHHWS ~ MYTAaHTOB  MHUKPOOPTaHWU3MOB.
PexomOuHaIMs y 3yKapuOTHBIX MUKpPOOpPraHu3MoB. [100BOM M mapacekCyanbHbIH MPOIECCHI.
PexoMmOuHammss y mpokapuor: TpaHchopmanus, TpPaHCAYKIMS, KOHBIorarus. [lma3Mussr
Oakrepuii, Perymsamus oOmena BemiecTB. KOHCTHUTYTHBHBIE W WHAYIHOENbHbIC (EPMEHTBHI.
MexaHu3Mbl peryJsiuu cuHTe3a (GepMEeHTOB (MHIAYKIUS, pernpeccusi). Perynsius akTUBHOCTH
(GbepMEHTOB; CBOMCTBA aJIOCTEPUUYECKUX (DepMEHTOB. MHUKPOOPTaHU3MBI H SBOJIOIHMOHHBIN
nporiecc. Bo3mokHbIe (UIOTEHETUYECKHE CBSI3U MHUKPOOPTAaHW3MOB (ITPOKAPHOT W IBKAPHOT).
Ux oTpaxxeHue B cucreMaTuke. Bo3aMokHOE POUCXO0KIEHUE BUPYCOB.

JK0JI0rusi MUKPOOPTraHU3MOB

buocdepa u pacnpoctpanenue MukpoopranuzMoB. CopepkaHHe U BaKHEHIIIHE TPYIIIBI
MUKpPOOPTaHU3MOB B TO4YBE, BojmoéMax W arMocdepe. KpyroBopoTel BeliecTB B MPHPOJAC -
yriaepoja, a3oTa, MHHEpaTbHBIX 3j1eMeHTOB. OcHoBomonaraoume padorsl OMENSHCKOTO H
Bunorpazackoro. buoxummudeckasi 1edareabHOCTh MUKPOOPTaHU3MOB. Poilb MUKpPOOpPraHU3MOB B
MOYBOOOPA30BATENBHBIX MpolleccaX M B IJIOJOPOAMU TOYB. 3HAYEHHE MHKPOOPTaHH3MOB B
NEPBUYHON NMPOAYKIMH BOJOEMOB U MHUHEpAIM3AlMK OPraHUYECKUX BelecTB. Vcnonb30BaHue
U8 OYMCTKM CTOYHbIX BoJA. CaHWUTAapHBIA KOHTPOJb. PacmpocTpaHeHWe ©W  poib
MHUKPOOPTaHU3MOB B HE(PTSIHBIX MECTOPOXKACHUSAX. YdacTue B 0Opa3oBaHUM TMOJIE3HBIX
HUCKOIIa€MBbIX. HpI/IMeHeHI/Ie MI/IKpO6I/IOJIOFI/I‘IeCKI/IX nmponeccoB A IMOJYYCHHA ITOJIC3HBIX
UCKOomaeMbIX. MUKpOOpPTaHU3MbI B aTMOCc(hepe U KOCMOce.

®opmMa B3aHMOOTHOLIECHU MUKPOOPTraHU3MOB MekAy c000i M ¢ BBICIIMMH OPraHN3MaMH
(MeTabduo3, cHMOM03, AHTATOHU3M)

3HaueHUe METa0MOTUYECKUX U  CHUMOMOTHYECKHX  B3aMMOOTHOIIEHUH  MEXKIY

MUKpoopranu3mMamu. Paznuunpie ¢opmbel  aHTaronusma ("akTuBHBIN" W "macCUBHBIN"

AQHTaroHW3M, Napa3uTU3M, XUIIHUYECTBO). [IpakTHueckoe HCHONb30BaHHWE aHTaroHU3Ma

MUKPOOPTraHW3MOB B MEIHUIMHE U CEIbCKOM XO034icTBE. MUKpOOpraHU3Mbl U PACTEHHS.



Puzochepnas u snudutHas mukpodaopa, 3HadyeHHe. CUMOMOTHUECKHE B3aMMOOTHOIICHUS
MEXIy MHKPOOPTAaHM3MaMH M PAaCTEHUSIMH (KITyOeHbKOBBIE U 000OBBIC PACTEHUS, MUKOPU3BI U
npyrue). duronaroreHHsle MHKpoopraHusmbl. HopmanbHas Mukpodiopa uenoBeka H
KUBOTHBIX. [ HOTOOMOTHYECKHE JKMBOTHBIC (AKCEHWYHBIE), WX HAy4YHOE 3HAYCHHE.
CuMOHMOTHYECKHE B3aUMOOTHOIICHNS MUKPOOPTaHU3MOB M KHBOTHBIX (IIpUMEpBL: MUKpodIIopa
pyOma, nmurtanue TepMuToB). IlapasuTel M maTOreHHblE MHKpOOpraHU3Mbl. PacmpoctpaHeHue.
[Ipuunabl  matoreHHoctr. (OOpa3oBaHME MHUKpOOpraHW3MaMu TOKCHHOB. [lonstue 00
UMMYyHHUTETE. MUKPOOHOIOrHUYeCKHe METO 1bl 0OPbOBI C BPETHBIMU HACEKOMBIMH.

OueHka ypoBHS 3HAHM
MaxkcumansHoe KoaudecTBo 6amaos — 100.
MuHUMaIbHOE KOJUYECTBO OAJUIOB JUIS JOIMYCKa K IMOCIEAYIOIIEMY BCTYHMUTEIEHOMY
’K3aMeHy — ol.

CootBercTBHE CTOOATLHON INKANbl MATHOATFHOW CHCTEME TPUBEICHO B TaOJHIle
HIDKE:

Ne Bamne! mo
/11 CTOOAIUILHON

OI_IGHKI/I 10 IATHOAIIIBHOM CHCTEME

5 / OTIMYHO — HAIMYWE TITYOOKHUX HMCUEPIBIBAIOIIUX 3HAHWHA BCETO
NporpaMMHOIO Marcpuaja, MOHUMAaHHUC CYIIHOCTU W B3aMMOCBIA3U
1 86-100 paccMaTpUBaEMbIX MPOIECCOB u SIBJICHUU. Jlormuecku
MOCJICA0OBATCIILHBIC, ITOJIHBIC, ITIPABUJIBHBIC 1 KOHKPCTHBIC OTBCTHI HA
BCE OCHOBHbIE BONpochl. [IpaBuiibHBIE M KOHKpETHBIE OTBETHI Ha
AOIOJHHUTCIIBHBIC BOITPOCHI.

4 / Xopolo — HaJlM4Yhe TBEPIbIX U JOCTATOYHO IMOJHBIX 3HAHUH B
2 69-85 o0beMe  MpOorpaMMbl  BCTYMHUTENbHBIX  HCHOBITAHWW;  4YETKOE
U3JI0KEHUE MaTepuaia, JOMYCKAalTCS OTHElbHbIE JIOTHYECKHE HU
CTHJINCTUYECKHUE MMOTPEIIHOCTH MPU OTBETE

3 / yAOBIETBOPUTEILHO — HATMYWE TBEPIbIX 3HAHUN MTPOTPAMMHOTO
Marepuaia, MIOHUMaHUE CYIIHOCTH pacCMaTPUBAEMBIX MPOIECCOB U
3 51-68 apineHuil. [locnenoBarenpHble W NpaBUIbHBIE, HO HEAOCTATOYHO
pa3BEPHYTHIE OTBETHI HA OCHOBHBIE BONPOCHL. [IpaBUIIbHBIE OTBETHI €
HEOOJIBIIMMH HETOYHOCTSMHU Ha JOMOJIHUTEIBHBIE BOIIPOCHI

2 / HeyJOBIETBOPUTEIBHO — OTBETHl HE CBS3aHbI C BOMPOCAMH,
HaIW4ue TpyOBIX OIIMOOK B OTBETE, HEMOHUMAHUE CYIIHOCTH
4 0-50 M3JIaraéMoro BOIPOCa, HEYMEHUE MPUMEHSTh 3HAHUS Ha MPAKTHKE,
HEYBEPEHHOCTh M HETOYHOCTh OTBETOB HA JIOMOJIHUTEIbHBIE U
HaBOISLIUE BOIIPOCHI
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